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Data collected during 1986-1988 were evaluated
relative to the habitat requirements of the fish

i and wildlife resources of the lower Yuba River,
Yuba County, California. This evaluation is in

_ ~ response to water developments and diversions that
~,,~..5~[have reduced flows and increased water

I ~£~~L-temperatures below Englebright Dam. The lower
~~. Yuba River sustains a significant chinook salmon

resource. This habitat also sustains steelhead
I trout, American shad, and a variety of resident
’ game fish and nongame fishes.

i I~ flows and temperatures necessary to
~/[~ptimiz~habitato~___ requirements are identified.

~5~" Available data do not allow exact definition of
habitat requirements for American shad. Further
evaluation of the habitat requirements for this
species}X~ recommended to optimize habitat
requirements for all anadromous species in the

I lower Yuba River.

l
i/. Investigation funded by the Streamflow Requirements Program,

The Resources Agency, Department of Fish and Game, Stream
Evaluation Report 91-~, February 1991.

~/ Field data collection by Beak Consultants, Zncorporated,

i Sacramento, California.
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1
EXECIFEIVE SDq~RYANDMANAGEMENTRECOMMENDATIONS

m
Yuba River between Englebright Dam and its confluence

~hl~:r
¯

Feather River near Marysville (approximately 24 river
miles) was the subject of a 3-year study to identify problems and

mneeds of chinook salmon (Oncorhvnchusfisheries management
tshawvtscha}, steelhead trout (Qncorhvnchus ~}, and American
shad (Alosa ~PJ~ui~).                                                   m
The Yuba River is recognized                                       ~ ,~,,..~.m    1as a significant producer ofn ~ rsteelhead and was once knownJaturally spawned salmon and _ 1

shad fishery ~R~ever,.j~ nationwide for its outstanding . while m
River steelheadlimited evidence indicates.X.~uba, populations =~,. ¯

o~ New-have increased followin~the:completi6~ BullardmBarDam~.
substantial evidence shows chinook salmon populations have not, ¯ m

~~ nd the shad fishery was almost nonexistent for a n~er of years,
m

~~Water developments and diversions have had significant impacts on~_~     fisheries of the Yuba River. As a result of such developments,     ~ m
,,~ flows in the river have been substantially reduced and temperature
~~.modified from that naturally occurring. Flow reductions have
~j affected salmon and~reproduction, growth, and migration, m
~/and shad attraction,/passage, and soawnino.~-~-~& ~ ~ ~y~?--=~-. m

As the initial step in an effort to develop solutions to fisheries m
problems in the Yuba River, a series of detailed studies involving

mstream temperatures, flow-habitat relationships, water quality,
fish populations, fish passage, fish growth, riparian habitat and
impacts of diversions were completed. The data collection mportions of the study were completed by Beak Consultants,
Incorporated, under contract to the California Department of Fish
and Game (DFG). This report relies on these data plus records and mknowledge of the DFG.

rs chinook
m

Due to its value to both the sport and commercial secto ,
salmon are considered of primary importance in management of the ¯

~lower Yuba River. Therefore, this study primarily develops m
-~.~ recommendations to orotect chinook salmon. However, since life
’_~j/stage requirements ~or steelhead are generally similar, steelhead
.~~_should be benefited by management proposals for salmon. Habitat
s~ requirements for American shad are significantly different from
~’ salmon and steelhead as are their times of use of the Yuba River. m

There is little conflict between the needs for shad and salmon and msteelhead. ~~                   ~                                     .

’.~ Based on the analyses of these and other studies, DFG recommends m
5~( the following conditions to optlmlse hmb£~at:conditlon_~for the

/restoration, maintenance, and protection of chinook salmon,
¯

(steelhead trout, and American shad.
i
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Streamflow and Temperature

The following streamflows and temperatures are recommended to be
maintained in the lower Yuba River:

Temperature (~FI-
me~ dai~v at: MinimUm streamflow

Daguerre Marysville at
~II~,~ Month P~iDt D~m MarTsville ~aoeqaqe

Oct 1-14 NR+ 60                 450

Nov 1-Mar 31 56 57 70
~~-~     Apr 60 60

May NR ~.
Jun NR 65
Jul 65 NR 450
Aug 65 NR 450
Sep

U.S. Geological Survey streamflow gage no.* 1142100,
located 4.2 mi east of Marysville.

+ NR ~ no requirement,                                    o

~l~Daily maximum temperatures should not exceed the daily average by
|more that 2 F and such exceedence shall not occur for more than 8
~hours (h} in any 24-h period. Water temperature criteria will not

~,~apply during defined "dry" water years for the Yuba River drainage
~,~(a dry water year is defined below).

Reductions to minimum flow schedule during "dry" water years
~$~6,,~~ccur under an equitably balanced use of the resource with

-the ~e percentage reductions made to dlverters as to the
fisheries minimum flow. Such reductions shall be based on water
available to permanent contracts in existence on January I, 1990.
Post January I, 1990 offstream contractual obligations and
diversion shall be reduced to zero before reductions in fishery
flows occur. A "dry" water year is defined as less than 50% of
the 50-year average unimpaired runoff of the Yuba River in
acre-feet at Smartville for the current water year as published
annually in the May I. Report of Water Conditions in California by
the California Department of Water Resources.

Short-Term Da~iv Str~mflowFluc~uat~on

IShort-termdaily streamflow fluctuations are defined as changes in
~.~ flow that occur on a regular daily basis generally associated with

| daily operations of hydroelectric power generation and deliveries
|~9 offstream dlverters. To avoid loss of aquatic productivity and
~.~o prevent fish stranding, daily flow fluctuations should not
~ exceed 10% of the average flow within any 24-h period and weekly

-xlii-
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flow fluctuations should not exceed 20% of the average flow within
any 7-day (d} period at all times while Yuba River releases from
New Bullards Bar Reservoir and Englebright Reservoir are under
control (i.e., no unregulated spills are occurring}. For example,
if the average flow fOr the period is 200 cfs’ flows shOuld nOt be
less than 180 cfs or greater than 220 cfs on a daily basis; flows
on a weekly basis should not be less than 160 cfs or greater than
240 cfs. Flow fluctuations should be measured at the USGS gage
stations located below Englebright Dam and near Marysville.

StreamflowReductlon

Streamflow reductions are defined as planned reductions. Such
reductions are generally associated with, but not limited to, the
specified monthly flow schedule above, reservoir flood reservation
requirements, deliveries to offstream diverters, water transfers
and sales, and downstream salinity intrusion control. During all
such flow reductions the ramping rate should be gradual, not
exceeding 30% of the existing initial flow during any 24-h period,
and subject to stranding studies.

To further reduce the impacts from flow reduction during October
~5~,~through February, the following interim schedule, subject to

/~tran~i~s~u~is recommended to reduce the negative impacts
of dewatere~edds, net loss of spawning gravels, and loss of
Juveniles to stranding. In the event that during the period
October 15 through February, the 7-d average flow from Englebright
Dam (except in the event of flood control releases) exceeds 800
cfs, the above monthly flow schedule shall be modified in
accordance with the following schedule:.~              ~/~

~L~-~ I. If the average flow for the preceding ~-d ~eriod exceeds
~~ 800 cfs but is less than 1,000 cfs, the minimum flow
~,~d~ specified in the above flow schedule should be 800 cfs
~-~ from October ~5 through February at the Marysville gage.

"~’-2. If the average flow for the preceding ~-~period exceeds

~ ~ -" -~’~’~ ~,000 cfs but is less than 1,500 cfs, the minimum flow
specified in the above schedule should be 1,000 cfs from

~.~~ October ~S through February at the MarYsville gage.

~~u~.F 3. If the average flow for the preceding’7-~ period exceeds
~,500 cfs, the minimum flow specified in the above
schedule should be 1,500 cfs from October ~5 through
February at the Marysville gage.

Between May I and June 30, the following schedule, measured at the
Marysville gage, is recommended for maintenance of American shad
angler.success:

4. During May ~ through May 31,~ weekly~low reduction not
greater than 200 cfs.          .~=~-~"
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i 5. During June    I    through June 30, aee~~kly.flow reduction
not greater than 15~ cfs.. ~ -

I h~%~ .~ The April, May, and J_~q~flows of 1,000, 2,000, and 1,500 cfs,
p~~ respectively, are~n~eri~subject to evaluation studies for
*~ I adult American shad attraculon and spawning, spring-run chinook

~ ~. I ~almon attraction, and for fall-run and spring-run chinook salmon,
~ " ~and steelhead outmigration.

Water Ou~lity
i [~ The following water quality parameters are to be maintained in

~~oreceiving waters below Englebright Dam and Daguerre Point Dam:

I                 ~.    Dissolved oxygen not to be less than 7.0 ppm.

I ~o~b~ 2. The pH not to exceed the range of 6.5-8.5.

3. No discharge of heavy metals or other constituents which
cause chronic or acute toxicity to any life stage of the

I aquatic resources.

4. No discharge of turbid water or water containing
settleable solids in excess of California Regional Water

I Quality Control Board (RWQCB} Basin Plan Standards.

Habitat Protection ~nd ImprQvem@n~

Spawning gravel conditions within the Yuba River are generally
excellent. However, in the upstream area no new recruitment of
gravel can occur due to the presence of Englebright Dam. Gravel
extraction within the area between Daguerre Point Dam and
Englebrlght Dam should be carefully evaluated and monitored.
Gravel of suitable quality and quantity should be placed at

_31ocatlons between the Narrows and Englebrlght Dam to improve the
~~-~spawnlng conditions for adult spring-run chinook salmon. Future

llcenses and permits for projects on the Yuba River should be
conditioned to provide for gravel replenishment, as necessary. T~
preserve existing and future spawning gravels, salmonid spawning
habitat should be maintained through conditions that prevent
sedimentation and gravel cementation.

Gravel extraction within the Yuba River flood plain should be
restricted to skimming type operations that only remove materials
not suitable as substrate for spawning chinook salmon and
steelhead. Excavations below the thalweg should be allowed only
behind levees capable of protecting the work area from a 100-year
flood event. No activities should be allowed which could result
in changes in channel location.

Habitat for fry and ~uvenile salmon and steelhead is currently
less than optimum. Channel narrowing and degradation have reduced

C--066767
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\     available habitat for these life stages. Habitat improvement
\ .f projects should be implemented and should include construction of        .~I

¯ ,~L~shalIow "rearing" areas and "brai~ed" channels designed to
,~Woptimize habitat requirements for/fry and juveniles. Stocking of~ additional steelhead fry should ~e considered to increase        ¯ "        I

steelhead populations.            ~ ~ ~ ~ , ,o ~~ ~~ ~"~<~

Water Diversion an~ Fish ~reens    ~A~-~l~’i~n.,
I

In accordance with Fish and Game Code Section 6~00, all new
diversions of water from the Yuba River should be screened ~
according to criteria established by the DFG. Existing water
diversions from the Yuba River (Brophy, South Yuba, Browns Valley,
and Hallwood-Cordua Irrigation districts} are resulting in losses
of fry and juvenile salmon and steelhead. Existing gravel and I
weir type fish screens have proven unreliable and ineffective and
should be replaced a~%.~r~d ac~ord~_to~.ocqrrent DFG criteria~
All diversions of water should be screened with "state of the art" II
perforated plate or wedge wire type screens located "on river".

Riparian H~bitat Maintenance and Protection

Riparian vegetation along the lower Yuba River is valuable as it
provides food (terrestrial insects> for juvenile salmon and
steelhead, nutrient input to the river system, and is used by many ~
wildlife species. Removal of this vegetation should be carefully
evaluated to assure no net loss to protect fish and wildlife
resources. Riparian vegetation is included in the California Fish iand Game Commission’s definition of wetland vegetation and
compensation must be sought in line with Commission policy.
Programs for restoration and improvement of riparian habitat
should be implemented. ~
DFG recommends that the Yuba County Water Agency (YCWA} provide
funds for acquisition of acreage of lands adjacent to the Yuba I
River below Englebrlght Dam as an alternative to the wildlife
habitat mitigation provisions of the Agreement between DFG and the
YCWA for New Bullards Bar. Such land should be maintained for
habitat protection and fish and wildlife oriented recreation by i
DFG with annual funds for habitat improvement and protection
provided by the YCWA.

Public Access for Recreation I
I

Public access should be provided at selected locations along the I
lower Yuba River to provide for a wide base of recreational I
activities such as boatlng/rafting, fishing, and bird watching.
Public access and appropriate facilities should be developed at
the following general areas:

I
~. Rose Bar, approximately 3 mi upstream of the Highway 20

Bridge on the south side of the river. I
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2. Parks Bar at Highway 20 bridge crossing. This could be
associated with the rebuilding of the bridge by the
California Department of Transportation.

3.    Daguerre Point Dam area, on the north side of river.

4. Hallwood Avenue or Walnut Avenue, on the north side of
river.

Pro~ect Coordlnat~on

The Pacific Gas and Electric Company (PG&E) operates the Narrows
Project Powerplant (FERC 1403) in coordination with YCWA
powerplants. PG&E also has water rights to 45,000 acre-feet (AF)
of storage in Englebright Reservoir plus certain claimed riparian
rights. Federal power licenses for these projects should be
coordinated as to mitigation requirements and expiration dates.
In addition, all holders of water rights and permits and users of
downstream releases should be required to participate in meeting
the temperature and flow recommendations contained herein.

Additional Studi~s

The following additional studies are needed to address concerns
not addressed by past work or concerns brought to the forefront by
past studies. The.~.~esults should be used t~.r~efine the above

Reservoir cold water availability studies of New
Bullards Bar and Englebright reservoirs should be
performed using reservoir temperature models to: (a)
predict the effects of altered operations on water
temperatures downstream; (b) characterize the reservoir
elevations drawn upon by the intake structures; and (c}
characterize the water temperature regime and volume of
cold water present in these reservoirs available to the
intake structures.

2. Lower Yuba River summer months (July through September)
water temperature/discharge relationships should be
modeled and the information included in appropriate
analyses and used to refine the above recommended flow
regime.

3. Habitat criteria studies for~l~ llfe stao~ofAmerlcan
shad adequate for use in the Instream Flow Incremental
Methodology (IFIM) model should be ~onducted. Data
collection should be from observations of shad found in
the Yuba River.

~| 4. An IFIM study should be conducted for American shad to
~t~. quantify the changes in weighted useable area for
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various shad life stages over a broad range of flows.
Key life stages are adult (migration and spawning), egg
and larvae, and juvenile. An analysis of flow needs
should be made and final recommendations to protect and
enhance the American shad fishery of the Yuba River.

5. Attraction flows of short duration necessary to attract
fall-run chinook salmon and steelhead trout into the
lower Yuba RAver should be evaluated as to benefits for
spawning populations.

6. Studies of Yuba River steelhead trout should be
conducted to determine current population levels and
establish population goals.

7. The recommended streamflow reduction schedule above may
not provide the protection anticipated. Therefore,
stranding studies should be conducted to evaluate
potential impacts.
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/ FOREWORD

!/ Many of California’s resources and habitats have been lost due to
~ development and demands for offstream uses of water. These losses
~are particularly acute for chinook salmon and steelhead trout.
|California Department of Fish and Game (DFG} and U.S. Fish and
~Wildllfe studies show that 95% of California’s historic salmon and
\ steelhead habitat has been lost (Fisher 1979). In response to
~--/~.~hlm h-h~at los~, the state’s salmon and steelhead populations

have dwindled to-only 35-40% and 20%, respectively, of their
historic numbers (Anonymous 1982; Fisher 1979).

The importance of these resources to the people of the State has
been clearly affirmed by the California Governor, Legislature,
Resources Agency, and Fish and Game Commission. Salmon and
steelhead are recognized as valuable resources which have specific
environmental requirements and limited ranges. In view of the
losses these species have experienced, and their value to the
State, the Salmon, Steelhead and Anadromous Fisheries Program Act
was enacted in 1988. This Act is embodied in California Fish and
Game Code Section 6900 et seq. These code sections state that,
(a} it is the policy of the state to significantly increase the
natural production of salmon and steelhead trout by the end of

-this cen~n-~ury; (b) DFG shall develop a plan and a program that
strives to double the current natural production of salmon and
steelhead resources; (c) it is the policy of the state to
recognize and encourage the participation of the public in
privately and publicly funded mitigation, restoration, and
enhancement programs in order to protect and increase naturally
spawning salmon and steelhead trout resources; and (d} it is the
policy of the state that existing natural salmon and steelhead
trout habitat shall not be diminished further without offsetting
the impacts of the lost habitat. In addition, the Legislature has
declared that a substantial increase in requests to appropriate
water has occurred, and that without due regard for the cumulative
effects on streamflows of these requests, serious effects on fish
and wildlife resources dependent upon these watercourses could
occur. Thus, the Legislature directed the DFG (Public Resources
Code Section ~0000 et seq.) to prepare proposed streamflow
requirements for specific streams.

The Resources Agency has developed a set of long range goals to
aid in the restoration of salmon and steelhead trout resources and
habitats (Anonymous 1982). These goals include increasing salmon
and steelhead spawning populations by 300,000 fish, increasing the
fishery catch by 600,000 fish, and reestablishing 500 mi of
h~storlc spawning and nurserF areas.

It is the Fish and Game Commisslons’s policy to provide vigorous
and healthy salmon and steelhead populations. The policy
emphasizes maintaining breeding stocks, suitable spawningadequate
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areas, and natural rearing areas. Habitat maintenance,
restoration, and improvement are emphasized.

In view of the above policies, mandates, and clear need to strive
to maintain existing salmon, steelhead, and other resources and
habitats, and to restore these resources and habitats whenever
possible, DFG implemented an investigation to assess the aquatic
needs of anadromous resources within the Yuba River. This report
presents the results of that investigation and resultant
management recommendations.

!
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INTRODUCTION

The Yuba River originates on the west slope of the Sierra Nevada
range and flows into the Feather River near Marysville,
California, and thence to the Sacramento River. The Yuba River is
considered a significant source of naturally spawned chinook
salmon and steelhead and was known for its outstanding American
shad fishery. During the 1970’s and 1980’s, the river did not
achieve increased population trends that were projected to occur
for chinook salmon and American shad following the completion o_~f.~
the New Bullards Bar Dam. Currently, fall-run chinook salmon
spawning runs average 13,050 fish annually, far below the 38,000
fish anticipated. Although little data are available, steelhead
populations may have increased following completion of the New
Bullards Bar Dam in the late 1960’s. Further, the American shad
fisheryfhas been almost eliminated~ Since the turn of the

---’-~entur~ ~ater development projects and diversions have
significantly adversely affected the river and its fisheries by
modifying the timing of natural flows, reducing flows during
critical periods, and altering spring, and fall streamsummer,
temperatures. These factors affect salmon and steelhead spawning,
growth, and outmigratlon, and shad attraction, passage, and
spawning activities.

In view of the value of the river’s fishery resources, habitat
losses, and demands to divert additional water offstream, DFG

a 3-year study identify problemsinitiated in 1986 to and
fisheries management needs for chinook salmon, steelhead trout,
and American shad on the lower Yuba River between Englebright Dam
and the Feather River. These studies included evaluating the
streamflow, temperature, and aquatic habitat relationships, water
quality conditions, fish population parameters, fish passage,
riparian vegetation, and impacts of diversions on the fishery
resources and their habitats. This report presents the results of
these investigations, a management plan, and recommendatlons.f~r

~pro~e~tion of the river and its fishery r~0~es.~"-"Due t~-’~
their sport and ...... commercial fishery value, chinook salmon are
considered the primary species of importance when developing the
management plan.

Beak Consultants, Incorporated, Sacramento, California collected
the data for this investigation, and DFG prepared the fishery
management plan. Segments of Beak Consultant’s reports to DFG are
included in this report.
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DESCRIPTION OF STUDY AREA

General Setting ~a~.~ Str~m.D~.~criDtion

The Yuba River system is located within the Central Valley of
California, draining 1,339 sq mi of the western slope of the
Sierra Nevada in Sierra, Placer, Yuba and Nevada counties (Figure
I). A component of the Sacramento River system, the Yuba River is
a tributary of the Feather River, which in turn feeds into the
Sacramento River. The lower Yuba River study area covered in this
report extends approximately 24 ~i from Englebright Dam (a
hydroelectric generating and water storage facility) downstream to
the confluence with the Feather River at Marysville, California

~ c(Figure 2). The study area is characterized by distinct reaches

The river flows westerly from Englebright Dam, and descends an
average of 13 ft/mi (0.27% gradient) from elevation 282 ft above

_ mean sea level (MSL) to 120 ft MSL at Daguerre Point Dam, 12.5 mi
downstream (Figure 2). The 11.5 mi of river from Daguerre Point
Dam to Marysville has an average drop of 6.5 ft/mi (0.13%
gradient). The streambed elevation at Marysville is 45 ft MSL.

the water from Englebright Dam is released through theMost of
Narrows I and Narrows 2 powerhouses for hydroelectric power
generation. Consequently, the 0.2 mi of river between the dam and
powerhouses normally has standing water, except when the reservoir
is spilling. The 0.7 mi of river downstream of the Narrows I and
2 powerhouses to the mouth of Deer Creek is characterized by steep
rock walls, long deep pools, and short rapids. Below this area,
the river cuts through 1.3 mi of sheer rock gorge called the
Narrows, and the river consists of a single large, deep,
boulder-strewn pool.

At the downstream end of the Narrows, the river canyon opens into
a wide flood plain where large quantities of hydraulic mining
debris remain from past gold mining operations (Figure 2}. This
18.5-mi section is typified as open valley-plain. Daguerre Point
Dam is located 12.5 mi downstream from Englebright Dam and is the
major point of water diversion on the lower river. The open
valley-plain continues 7.8 mi below Daguerre Point Dam to beyond
the downstream terminus of the Yuba Goldfield. This 18.5-mi
section is composed primarily of alternating pools, runs, and
riffles with a gravel and cobble substrate and, by virtue of the
quality and size of the substrate, contains the majority of the
quality chinook salmon spawning habitat found in the lower Yuba
River.

!
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I The remaining section of the lower Yuba River extends
~ approximately 3.5 mi to the confluence with the Feather River

(Figure 2). This section of river is bordered by levees and is

I subject to the backwater influence of the Feather River.

The lower Yuba River has two significant tributaries, Deer and Dry
creeks. Deer Creek enters the Yuba River about 1.2 mi downstream

I of Englebright Dam. Falls impassable to migrating salmon are
located about 500 ft up Deer Creek. Records indicate a few
steelhead are able to pass the falls during some years. Dry Creek

I enters the river about 10.3 mi downstream of Englebright Dam.
Flow in Dry Creek is regulated by the operation..of Merle. Collins
Reservoir. Records indicate Dry Creek has a se~r-susuaining
population of chinook salmon estimated to be 500 fish during 1983

I (Preston 1986). It is believed steelhead trout utilize Dry Creek
as well.

I Plant communities along the lower Yuba River are a combination of
remnant Central Valley riparian forests and foothill oak/pine
woodlands, grasslands, and orchards. Much of the immediate

i
river bank includes relatively bare regions denuded by hydraulic
mining, gravel mining, and urbanization. Native grasslands and
oak savannahs can be found further from the stream channel. Most
of the original plant communities along the lower Yuba River have

I been converted to agricultural use, although fragments of the
riparian woodlands still exist along the stream channel.

The climate in the vicinity of the lower Yuba River is of the hot
savannah type (hot, dry summers, and cool, mild winters}. U.S.
Department of Commerce (1972) records for Marys~ille indicate mean
monthly temperatures ranging from a low of 46.8 F in January to a

I high of 78.8~F in July. Most rainfall (85%} occurs between
October and March. The average annual rainfall is 20.6 in at
Marysville.

--! ~istor7 9f Development ~f Yuba River Basin / ~

The discovery of gold in the Yuba River in June 1848 attracted

I thousands of miners to the area. Hydraulic mining techniques were
used to process an estimated 684,000,000 cubic yards of gravel and
debris between 1849 and 1909 (Gilbert ~9~7}. Most of this

i material was washed into the Yuba River and its tributaries
¯ causing extensive siltation in the river and on agricultural land

along the lower Yuba River, and sedimentation and near-blockage of
the Sacramento River. Agricultural and other interests responded

I by filing legal actions, and in 1884 a permanent injunction
¯ prohibited hydraulic mines from using the streams as mine dumps.

Following ~884, most hydraulic gold mining was discontinued.

The California Debris Commission, an element of the U.S. Army
Corps of Engineers (USACOE), was created by the United States
Congress (Camlnettl Act} in ~893 The commission’s function was
to serve as a regulatory agency ~o permit resumption of hydraulic
mining under conditions that would prevent debris from entering
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navigable waters or otherwise cause damage (USACOE 1977). In
addition to its regulatory functions, the Commission was to act
as a construction agency. The Commission constructed small dams
on the Yuba River to reduce the downstream movement of mining
debris. These impoundments limited the upstream migrations of
anadromous fishes and ultimately contributed to the reduction of
spawning populations in the Yuba River.

Barrier No. I Debris Dam was constructed in 1904-1905 about 4.5 mi
upstream from the present Daguerre Point Dam (Figure 2). This dam
completely blocked upstream movement of anadromous fish until 1907
when it was destroyed by floods (Wooster and Wickwlre 1970}.

Daguerre Point Dam was completed in 1906, and diversion of the
river over the dam was completed in 1910. The dam is located
approximately 12.5 mi downstream from Englebright Dam (Figure 2).
It included two fish ladders, one designed for high and one for
low water use. However, the ladders were ineffective, and the dam
limited upstream spawning migrations except during periods of very
high water (Wooster and Wlckwire 1970). The fish ladders were
destroyed by fl°°dslin0 1927-1928, and fish passage facilities were
not replaced until     years later. A new fish ladder was
installed in 1938 but was used by few salmon because of its poor
design. Consequently, only a portion of the spawning habitat
upstream of Daguerre Point Dam was used from 1941 to 1950. New
fish ladders were installed at the Daguerre Point Dam in 1950.
These ladders were generally effective and allowed salmonid
passage. Daguerre Point Dam was damaged by floods in February
1963, and repair of damage to the dam and fishway was completed in
December 1964. In late December 1964, a portion of the bank and
fishway was washed out by another flood and repair was completed
in October 1965.

Construction of the Old Bullards Bar Dam by the Pacific Gas and
Electric Company (PG&E) on the North Fork Yuba River began in
1921. Englebrlght Dam was constructed by the USACOE farther
downstream in 1941 f~o_r sediment and~f~_O~control and completely
blocked spawning run~ o~--~l~pper-p~r~o~=~T the ma~nstem
Yuba River and its tributaries.

Flooding of Marysville and Yuba City in 1950 and 1955 resulted in
the formation of the Yuba County Water Agency (YCWA) and
development of plans for a new flood-control, water supply, and
power-generatlng dam. The resulting structure, New Bullards Bar
Dam, was completed in 1969. This dam contains multlple-level
water outlets designed to control the temperature of downstream
discharges.

Large quantities of water are diverted from the Yuba River for use
in the Browns Valley, Hallwood-Cordua, South Yuba, and Brophy
Irrigation districts during late spring, summer, and early fall
months. The largest diversions occur at and Just above Daguerre
Point Dam (Figure 2}. Pumps are used to divert additional
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irrigation water between Daguerre Point Dam and the confluence of
the Yuba and Feather rivers.

The impacts of development activities on the Yuba River have been
severe. The combined effects of hydraulic mining, dredging, dams,
and irrigation diversions have changed the character and natural
resources of the river. The issue of instream flow needs to
protect aquatic resources in the Yuba River has been the subject
of debate since 1944 (Rich et al. 1944}.

Fish Resources

Twenty-eight species of resident and anadromous fishes occur in
the Yuba River (Table I). Four anadromous species, fall- and
spring-run chinook salmon, steelhead trout, American shad, and
striped bass are of primary interest.

Fall-Run Chinook Salmon

Fall-run chinook salmon are the largest and most important
anadromous fish in the lower Yuba River. Because of their size
and food quality, they are highly prized by both commercial and
sport fishermen. The Sacramento River system has historically
been an important spawning area for this species. In the past the
Yuba River supported up to 15% of the annual run of fall chinook
in the Sacramento River Run sizes in the Yuba have variedsystem.
over the period of record (1953-~). from 1,000 (1957} to 39,000
(1982) fish (Table 2). Approximately 60% of these salmon spawn ~ ..,~.,.~
between Daguerre Point Dam and the Highway 20 Bridge.

During planning for the development of the Yuba River Basin in the
late 1950s and early 1960s, projections were made of the expected
benefits to the Yuba River fishery from construction of New
Bullards Bar Dam and Reservoir. The DFG projected that increased
streamflow and better control over water temperatures would result
in improving the average fall chinook salmon run to over 38,000
fish (Wooster 1963; DFG 1965a}. The maximum run was expected to

Wlckwireexceed 80,000 fish (Wooster and 1970). However, since
Reservoir the averageimpoundment of New Bullards Bar in 1969,

chinook improved, runfall salmon run has not The salmon for the
~ 16-year period (1953-1968) prior to impoundment of New Bullards
0" Bar Reservoir averaged 13,800 spawners. For the 21-year

%~[.~ , post-impoundment period (1969-1989}, the fall-run averaged 13,050
~~/fish (Table 2). High water temperatures and low flows during ~~/crltical llfe stages are believed to limit chinook salmon F~£~

~.production after project construction. ~,~

|~iFall-run chinook salmon typically begin spawning migration in the
~. Yuba River in late September and may extend through January

(Figure 3}. Most spawning migration occurs in October and
November. Low river discharge and high water temperatures in

/~ October may delay migratlonand spawning (Wooster and Wickwlre
[ 1970). Spawning normally occurs shortly after migration,

~~ In October through January and peaks during November and
I;
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Table 1. Common and scientific names of fishes occurring in the
Yuba River above Marvsville, California.*,+

PetromFzontidae
Pacific lamprey ~ tridentatus

Acipenserldae
Green sturgeon A9Imenser medlrostris
White sturgeon A~Denser trans~ntanus

Clupeidae
American shad Alosa saDidlssima

Salmonidae
Chinook salmon ODcorhvnchus tsbswvtscha
Rainbow trout Qncorhvnchus mykiss**

(resident and anadromous)
Cyprinidae

Carp ~car~io
California roach ~sDeroleucus svmmetricus
Hardhead MvloDharodo~ conoceDhalus
Golden shiner ~otemiuonus crvsoleucas
Sacramento squawfish Ptvchocheilus ~randis
Speckled dace ~hlnichthYs osculus

Catostomidae
Sacramento sucker

Ictaluridae
White catfish ~catus
Br°wn°bullhead ~~
Channel catfish ~Dunctatus

Poecilildae
Mosquitofish Gambusla

Gasterosteldae
Threesplne stickleback    Gasterosteus aculeatus

Percichthyidae
Striped bass Morone

Centrarchldae
Green sunfish
Warmouth ~ qulosu~
Bluegill ~q.~m~Grochirus
Smallmouth bass MicroDterus dolomieui
Largemouth bass M!groDterus salmoides
White crappie ~~lID_~
Black crappie F_~n~aromaculatus

Perc~dae
Logperch Percina

Cottldae
Riffle sculpin Cottus~

+ Common and scientific names from Special Pub. No. 12, American
Fisheries Society (1980).

** Taxonomic change according to Kendall (1988}.
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Table 2. Estimated fall-chinook salmon runs in the Yuba River,
California, 1953-1989,*

y~r N~mber Y~r N~m~r ~ar Number
1953 6,000 1966 8,000 1979 12,000
1954 5,000 1967 24,000 1980 13,000
1955 2,000 1968 7,000 1981 13,000
1956 5,000 1969 5,000 1982 39,000
1957 1,000 1970 14,000 1983 14,000
1958 8,000 1971 6,000 1984 9,665
1959 10,000 1972 9,000 1985 13,041
1960 20,000 1973 24,000 1986 19,558
1961 9,000 1974 18,000 1987 18,510
1962 34,000 1975 5,880 1988 10,760
1963 37,000 1976 3,800 1989 9,840
1964 35,000 1977 9,000
1965 10,000 197~ 7,000

* Source: Years 1953-1972, Taylor (1974); years 1973-1982, Reavis
(1984); year 1983, Reavis (1986); years 1984-1987, DFG
unpublished data; and years 1988 and 1989, subject to revision.~t~

early December. Eggs incubate in the gravel into February,
followed by hatching and emergence of fry into March.
Fry may emigrate within a few weeks of emergence or may rear to
the juvenile stage until June when they emigrate (Moyle 1976}.
Exceptions do occur, however, and Juveniles have been captured in
seine hauls in September at Parks Bar (Fred Meyer, DFG - Region 2,
per. comm. 1989). Juveniles tend to emigrate at night near the
water surface (Raleigh et al. 1986}.

Spring-Run Chinook Salmon

In most California rivers that support this stock, summer is sRent
in deep pools where water temperatures seldom exceed 69.8-77.0-F
(Moyle 1976). Studies by USFWS staff on the Trinity River,
California, ~uggest spring-run chinook select water temperatures
less than 60 F (R. Brown, USFWS, Lewiston, CA, per. comm. 1990}.~
This period of summer holding prior to spawning is a major
difference in the life history of spring- and fall-run stocks.

A small sprlng-run chinook population originally occurred in the
Yuba River. However, the run virtually disappeared by 1959 (Fry
1961}, presumably due to diversion and hydraulic developments on
the river. A remnant spring-run persists in the lower Yuba River
and is being malntained by fish produced in the river, fish
straying from~e Feather River (Fred Meyer, DFG-Region 2, per.
�om~. 1989),o~p/from infrequent stocking of hatchery-reared fish
by the DFG (Table 3).

In the Sacramento-San Joaquin system sprlng-run chinook
historically migrated into the upper reaches of streams in spring,
spent the summer holding in deep pools, and spawned in late fall
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(Moyle 1976). However, dams have blocked access to upstream
areas, and stocks have declined. The spring-run has persisted in
some rivers, apparently by adapting to use of available habitat.
Little life history information is available for this stock in the
Yuba.

Figure 3. Life history periodicity for fall- and spring-run chinook
salmon, steelhead trout, and American shad in the lower Yuba River,
California, .*

Fall-Run Chinook Salmon
Life Staqe JaB F~b M~r Apt May Jun Jul Auu SeD Oct NOv D~C
Spawning migration X X X X
Spawning XX

. _~ ~J~ X X X
Egg incubation X X ~ ~~o,~- ,~ X x X
F~rgence X XX X

Xrearing/emigration X
Juv rearing/emigratlon X X X

Spring-Run Chinook Salmon
Life Staue J~n F~ M~ Apt May Jun Jul Auu SeD OC~ NOv D~�
Spawning migration X X X X X
Summer holding X X X
Spawning X X X
Egg incubation X X X X
Emergence X X X
Fry rearlng/emigration X X X X
Juv rearing/emigration X X X X

Steelhead Trout ~ ~% ~ ~ " -~ "-’
Life S~@q~ ~an.. F~b...Mar Apr May Jun J~l ..Au~ Se~ Oct ,.NOv Dec
Spawning migration X X ~ ~2-% X X X X X
Spawning X ~’~ X
Egg incubation X X X X X
Emergence X X X X X
Fry & Juvenile rearing X X X X X X X X X X X X
Emigration X X X X

American Shad
Life Sta~e . ~an Feb Ma;. Ant May Jun Jul Auu SeD Oct Nov Dec.
Spawning migration ~X~ X X

Egg incubation & hatching X X X
Rear~n~ & em~ratlon ~ .X X X

Mos’i- r~r,~.~ ,~j~,~¢.~.~ ~ ;e_~+..~r ~ >~ ~
* The llfe history information i~ based on review of the literature

and DFG fishery biologists familiar with the anadromous fish
species of the lower Yuba River. The periodicities shown are
believed to represent the time of occurrence of an unknown but

~~ l arge majority of a life stage population, consequently,
exceptions may commonly occur.
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Table 3. Stocking of hatchery-reared spring-run chinook salmon
and steelhead trout in the lower Yuba River, California, from
1~70 ~h~o~qh 1~0,*

Year Species+ Li~e st~q~ Number
1970 Steelhead Subcatchables 77 927
1971 Steelhead Subcatchables 217.378
1972 Steelhead Yearlings 48760
1973 Steelhead Fingerlings 176670
1975 Steelhead Yearlings 50903

~976
Steelhead Yearlings 53.460

977 Steelhead Yearlings 49867
1977 Steelhead Subcatchables 54 531
1978 Steelhead Yearlings 51 580
1979 Steelhead Yearlings 27.270
1980 Chinook Fingerlings 21460
1980 Chinook Y~arling~ 15.~2~...

Source: DFG unpublished data.
+ Steelhead trout from Coleman National Hatchery; chinook are

spring-run chinook salmon from Feather River Hatchery.

Spring-run chinook migrate into the lower Yuba from March through
July, although some migration may occur in August. The majority
of ~he .4~4...~occurs in May and June (Moyle 1976 }.

Th     fi~h-~ire-~£iy spend the summer in the cooler water Just
below the Narrows I and 2 powerhouses or further downstream in the
Narrows (Fred Meyer, DFG-Region 2, per. comm. 1989). Spawning may
begin in August but appears to occur mainly in September~ October,
and perhaps into November (Moyle 1976). Recent information
~uggests that spawning primarily occurs in the Yuba from late
September through early November. The DFG conducted a spawning
survey from early October to early November 1986 when about 20
pairs of chinook salmon were observed spawning Just below the
Narrows Powerhouse (Fred Meyer, DFG - Region 2, per. comm. 1989).
It was concluded that these were sprlng-run chinook since they
could not have passed high gradient riffles downstream during low

,fall discharge, but could have done so during high spring flows.

Egg incubation probably occurs into December, and fry emergence
begins in November and extends Fry emigratethrough January. may
within a few weeks of emergence or remain to rear to the Juvenile
stage and emigrate as late as June.

SteelheadTrout

W~W~ster and Wlckwlre (1970) estimated about 2Q0 8teelhead trout
spawned in the river annually, and that.there/was a potentlal for
|about 2,000 spawners after completion of New/Bullards Bar

/~Reservoir. While no definitive population e~tlmatel exist,
/~limlted information suggests lower Yuba River wlnter-run steelhead
/~;out populations may have increased (DFG 1984}. The llfe history
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Figure 3, Steelhead migrate from the ocean to their.natal streams
~to spawn in the fall and winter (Raleigh et al. 1984, Moyle 1976}.

In the lower Yuba River, the spawning migration begins as early as
August, peaks in October and February, and may extend through
March (DFG 1984; Painter et a~~. A run of half-pounder
~l-~T~°~~"~~c~F~p~in~pa~ly from late June through the
summer, fall, and winter months (R. DeHaven, USFWS, Sacramento,
CA, per. comm. 1990). Steelhead spawn in the late winter and
early spring months (January through April). Egg incubation and
emergence from the gravel extends into May and early June,
respectively. Fry remain in the river to rear to juveniles for

__9~to_~3__zears prior to smolting and emigration to the ocean.
~----Emi~-ration generally occurs from March into June. Steelhead

mature after I to 2 years in salt water and return to their natal
stream to spawn. ~% ~

Environmental factors influencing the steelhead trout population
in the lower Yuba River are similar to those affecting chinook
salmon. However, unlike chinook salmon, steelhead typically rear
in the river for I or more years. Thus, high water temperatures
and low flows during critical life stages may be affecting
steelhead to a greater degree than chinook salmon.

DFG’s Yuba River steelhead trout management activities have.
consisted primarily of hatchery st°cking’78Fr°m3 1970 to 1979, DFG
annually stocked between 27,270 and 217,     hatchery-reared
(Coleman National Hatchery) fingerlings, yearlings, or
subcatchables in the river (Table 3}. The future management of
this species would benefit from studies that determine adult
population levels and establish population goals. The stock
currently managed as a~naturally sustained population.

Areas in the lower Yuba River that are actively used as spawning
and rearing habitat by steelhead trout have not been determined.

American Shad

The introduction of American shad into the Sacramento River in
1871 was highly successful. The shad population expanded rapidly,
and 8 years later, a commercial fishery developed (Moyle 1976).
The fishery peaked in ~917 when about 5.7 million pounds were
landed. From 1918 to 1945 the annual catch ranged from 0.8 to 4.1
million pounds. The catch declined after 1945, and between 1945
and 1957, the catch exceeded a million pounds just once (Painter
et al. ~979). The commercial fishery was eliminated in ~957 to
facilitate development of a sport fishery.

There is no clear record of when the shad sport fishery began in
California (Painter et al. 1979). Angling occurred in the 1930’s
and 1940’s, but enthusiasm for the sport did not develop until the
1950,s. Thereafter, the sport grew to an estimated 100,000 angler
days in the mid-1960’s for the Sacramento system (DFG 1965b).
However, the sport fishery has declined to about 35,000 to 55,000
angler days per year in 1976-1978 (Meinz 1981}. The more popular
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angling areas are located on the Sacramento, American, Feather,
and Yuba rivers.

The lower Yuba River seasonal shad sport fishery. Thesupports a
fishery generally is confined to the area between Daguerre Poi~ ©
Dam and the confluence with the Feather River from late April~into
July (Wooster and Wickwire 1970; Melnz 1981}. Previous studies
indicate the shad fishery has declined on the Yuba River. Wooster
and Wickwire (1970} estimated that Yuba River shad anglers spent
6,400 angler-days annually, while Meinz (1981} estimated from 150
to 3,300 angler-days annually during the 1976-1978 period.
Virtually no shad fishery existed on the Yuba River during 1987
and 1988 (Fred Meyer, DFG-Region 2, per. comm. 1989).

Daguerre Point Dam is believed to affect shad spawning movements.
The dam is equipped with two conventional pool and Jump type
fishways, but few shad use these facilities. However, in 1969
several hundred shad were able to pass the dam and were observed
upstream to Parks Bar. In 1968 the shad run was estimated at
30,000 to 40,000 spawners, and in 1969 at 40,000 spawners (USACOE
1977).

American shad rear to sexual maturity in the sea and then migrate
to their natal river to spawn. Within the Sacramento River
drainage, the relative magnitude of tributary discharge to that in
main stem rivers appears to determine the distribution of American
shad spawning for the first time (virgin} (Painter et al. 1979}.
Preliminary results of investigations to date suggest that to
maintain a historic distribution of adult virgin shad to the Yuba
River, the May-June flow of the Yuba should not be less than 33%
of the Feather River discharge and the Feather River should not be

j~ss than 34% of the Sacramento River discharge (Painter et al.
~979). Studies of the Yuba River American shad sport fishery in

1976-1978 indicate as the April-June 3-month average flow at
Marysville during 1976 and 1977 increased from less than 300 cfs
to greater than 3,000 cfs during 1978, the catch rate increased

~.r.om 0.54 and 0.04 to 1.06, respectively (Meinz 1981; Appendix I).
The peak of upstream shad migration through the western
Sacramento-San Joaquin Delta occurs during March, April, and May
(Painter et al. 1979}. Migration into the Yuba River is believed
to occur June (Figure 3}. Shad only induring April through spawn
fresh water (Lelm 1924; Massmann 1952; Walburg 1960). Spawning
typically occurs from late April through July on the Feather River
(Painter et al. 1977). Studies conducted fro~ 1972 ~hrough 1974
on the Yuba River indicate that Yuba R~ver shad spawn during th~s
same tlmeperiod ~. Thl. period corresponds to the May
tJLrough mid-July per--~6~ed by Wooster and Wickwire (1970) from
studies conducted~~sln 1963.

Shad spawn in schools of wildly swimming, thrashing fish in the
main channels of rivers over sand to gravel substrate ~n depths of
3 to 30 ft or more (Painter et al. 1979; Moyle 1976). Spawning
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occurs near the water surface, and can occur at any time of day,
although spawning is most frequent at night    Females broadcast
their eggs and one or more males fertilize ~he eggs. Fish spawn
repeatedly and females release a total of 30,000 to 300,000
eggs depending on age and size (Moyle 1976}. Spawning intensity
apparently is related to water temperature. During studies of
American shad~ the Feather and Yuba rivers from 1971 through
1974, spawning ~ntensit¥ (as measured by egg abundance} increased
or decreased in the direction of the temperature ~hange when day
to day water temperatures changed greater than ~3 F FG~.~_~. A
similar response was noted in the angler catch rate
DFG, per. comm. 1989}. The majority of fish die after spawning,
but some survive to spawn the next year. Post-~pawning mortality
increases in warmer water, particularly at ~8.0WF and higher~

Shad eggs are semibuoyant, non-adhesive, and drift downstream with
the current until they gradually sink to the bottom (Painter et
al. 197~; Moyle 1976). Incubation takes 3 to 6 days at about 59.0
to 64.4WF. Incubation is faster in warmer water, but mortality
increases.

Newly hatched shad larvae are about 0.35 to 0.4 in total length
(TL) (Painter et al. 1979; Moyle 1976). Within a month, length
triples, and by the time they enter salt water, larvae are 2 to
7.2 in TL. Newly hatched larvae may be rapidly transported
downstream by currents due to their small size. Studies conducted
during 1976-1978 to identify shad nursery areas in the Sacramento
River system and Sacramento-San Joaquin Delta revealed that the
Sacramento River above Knights Landing, the Feather River above
Yuba City, and the entire American and Yuba rivers were not
season-long nursery areas for Juvenile shad (Meinz 1979). This is
consistent with Stevens’ (1966) conclusion that the seaward
migration of juvenile shad through the Delta starts in late June
and extends through November.

Juvenile shad spend several weeks to several months in the Delta,
progressively moving closer to salt water. Little is known of the
life history of American shad in salt water along the Pacific
coast (Moyle 1976}.

Striped Bass

Striped bass are native to streams and bays of the Atlantic coast
from the St. Lawrence River to Florida, and along the Gulf of
Mexico from Louisiana to Florida (Moyle 1976}. They were
introduced into the Sacramento-San Joaquin Estuary in 1879 and
1882. The species rapidly established itself, and by 1888 it
supported a commercial fishery which produced landings in excess
of 1.2 million pounds (Skinner 1962). The main population centers
are the Sacramento-San Joaquin Estuary and river system, but
smaller populations have been established in rivers and estuaries
of the Russian and Klamath rivers in California, and the Coos,
Umpqua, and Coquille rivers in Oregon.
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Striped ba~s occur in the lower Yuba River below Daguerre Point
Dam and~~own. ~q migrate beyond the dam (Wooster and
Wickwire 1970~l~"~aulta~nd Juvenile fish move into the river in
May and June. Movement into the river corresponds to the spawning
period (Moyle 1976).    However, striped bass eggs and larvae have
not been recovered in the Yuba River (Wooster and Wickwire 1970;
DFG 1975}. ~ass probably use the river for feeding rather than
spawning.

Striped bass are taken incidentally by anglers fishing for other
species in the Yuba River (Wooster and Wickwire 1970). On
occasion, a substantial fishery was noted in the Feather River
near Marysville (Painter et al. 1977).-!
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The Yuba River, a major tributary of the Sacramento River, drains
a 1,339-sq ml watershed originating in the higher elevations of
the west slope of the Sierra Nevada. The Yuba River is drained by
the North Fork Yuba River, Middle Fork Yuba River, and the South
Fork Yuba River (Figure I). The three tributaries join to form
the main Yuba River upstream of the USACOE Englebright Dam, where
the terrain changes to foothills. New Bullards Bar Reservoir, on
the North Fork Yuba River, is the largest impoundment in the
drainage and the principle storage reservoir regulating inflows to
Englebright Reservoir. There are numerous other storage and
diversion facilities in the drainage, and flow is highly impacted
as a result of these projects for water storage, diversion, and
hydroelectric power generation (Figure 4).

Rainfall and snowmelt are the major sources of water supply in the
watershed. Runoff from snowmelt produces a large portion of the
total seasonal water supply. Most of the precipitation in the
basin occurs during the period November through March, with
maximum storm intensities typically occurring in January,
February, and March. Winter precipitation at high elevations
usually occurs as snow. Annual precipitation ranges from a low of
30 in in the western part of the watershed in the vicinity of
Englebright Dam, to a high of about 80 in in the northern and
southeastern portions of the drainage area (PG&E 1989). In a
typical year, the April I accumulation of snow in the mountains is
equivalent to 40.3 in of water at the 6,500-ft elevation and 48. 9
in at the 7,200-ft elevation. Snowmelt occurs in the late spring
and early summer months, and streamflow are usually at their
lowest in July to October.

There are several diversions on the lower Yuba River in the
vicinity of Daguerre Point Dam (Figure 2). The primary
consumptive use of these diversions is agricultural irrigation,
which accounts for more than 90% of water use. The YCWA is the
most significant holder of water rights with permits or licenses
for 2,080,000 acre-feet (AF) per year. YCWA has contractual
agreements to supply water to meet water rights and sales
contracts primarily with the Hallwood Irrigation Company (78,000
AF), Cordua Irrigation District (82,000 AF}, Ramlrez Water
District (13,900 AF}, Brophy Water District (35,330 AF}, South
Yuba water District (22,100 AF}, and Browns Valley Irrigation

a maximum of 1,085cfs. An additional 18,204 AF exists in
miscellaneous riparian and active sales contracts.

Discharge (gaged near Marysville, water years 1944-1987) through
the study area averages 2,600 cfs. However, flows historically
ranged from a low of 10 cfs (July 1959} to more than 180,000 cfs
(December 1964) (USGS 1981, 1986, and 1988). There is little
summer accretion flow below Englebright Dam and virtually all of
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this stream£1ow originates from Englebright Reservoir. The two
major tributaries are Deer Creek and Dry Creek. Average annual
discharge from Deer Creek is 130 cfs, based on 53 years of record
1935 to 1988 (USGS 1988). Peak discharges in Deer Creek occur
during late fall and winter storm events. Extremes for the period
of record are a maximum of 12,100 cfs (February 1986) and a
minimum daily of 0.06 cfs (August 1977). Several reservoirs (Lake
Wildwood, Deer Creek Reservoir, and Scotts Flat Reservoir) an
diversion canals (Cascade Canal and D-S Canal) on upper Deer Creek
normally limit spring, summer, and fall flows to less than 10 cfs.

Average annual discharge from Dry Creek is 77 cfs, based on 16
years of record 1964 to 1980 (USGS 1980). Extremes for the period
of record are a maximum of 5,950 cfs (January 1969} and a minimum
daily of 0.84 cfs (October 1977). Peak discharges occur during
winter storm events. Flows are regulated by Lake Mildred, Merle
Collins Reservoir, and some diversions for irrigation.

Annual and monthly streamflow patterns are essential components of
any instreamneeds assessment on the lower Yuba River. These
streamflow patterns were analyzed using 63 years of unimpaired
flow provided by the California Department of Water Resources
(DWR} and 20 years of streamflow data provided by USGS. Using
these data, the annual and monthly water supply outflow
characteristics below Englebright Reservoir were determined.

Annual_UnlmDalred Runof~

.~t~~Unimpaired flow represents the runoff from a basin that would have

~| occurred had not the flow of water in the basin been altered withthe construction of reservoirs and diversions.

An analysis of the estimated unimpaired flow at Smartville (below
Englebright Dam for old USGS station 11419000 located below Deer
Creek) for water years 1921-1983 was performed using data
published by DWR (1987a} (Table 4}. From the DWR estimates of
unimpaired flow, the average annual outflow over the 63-year
period is 2,332,730 AF (this value is rounded to 2,333,000 in
Table 4). Further, for this period 1921-1983, outflow during 29
years (46% of the time} equaled or exceeded this average annual
flow value. Thus, the average annual value is a good indicator of
the long-term average water suppiy since a large number of data
are available.

"Normal" hydrologic conditions are present when the estimated
unimpaired runoff equals the long-term average (forecasted runoff
is 100% of the long-term average). "Dry" hydrologic conditions
exist when runoff is at some predetermined percentage less than
normal or the long-term average. "Dry" hydrologic conditions are
often defined as less than 50% of the unimpaired runoff for a
series of water years, usually 50 years.
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Table 4Q Estimated unimpaired flow (acre-feet x 1,000) at
Smart ille (USGS gage i1419000), lower Yuba River, California.
From DWR (1987a). Dry years less than 50% of the 63-year
average are indicated by asterisk.

~r Oc~ Nov ,Dec Jan ~eb Mar .Ap~ M~ Jun Jul Au~ sep To~al

1921 43 280 329 421 280 473 414 498 315 64 30 22 3169
1922 25 31 113 122 310 261 421 869 650 104 36 22 2972
1923 27 57 296 165 113 159 432 459 221 84 33 28 2074
1924 33 24 55 40 127 62 137 78 17 6 9 14 602 *
1925 33 53 121 111 563 232 403 396 127 38 25 21 2123
1926 25 38 55 64 411 220 454 213 72 20 17 19 1606
1927 30 314 201 226 745 422 586 539 366 67 23 21 3540
1928 22 149 135 178 155 798 465 380 87 33 17 17 2436
1929 20 36 48 42 84 145 190 2?5 118 23 0 30 1011 *
1930 I3 13 29I 179 209 32I 345 269 113 26 19 19 1017
1931 5 48 17 61 61 140 140 94 37 8 9 12 640"
1932 26 36 166 147 196 278 347 533 300 46 26 13 2114
1933 16 16 27 40 35 142 217 284 239 36 12 15 1079"
1934 22 27 97 128 150 234 172 86 37 15 7 13 988*
1935 17 66 72 153 150 199 672 550 2?4 44 21 16 2242
1936 27 32 42 345 528 332 500 461 226 54 21 21 2589
1937 17 16 31 32 231 281 415 566 198 42 18 13 1860
1938 22 107 496 141 423 711 590 845 527 114 36 23 4035
1939 34 39 47 56 55 214 263 126 48 13 3 9 907.
1940 22 21 32 392 577 723 495 403 129 29 18 19 2860
1941 25 69 256 374 504 425 421 645 251 117 27 23 3137
1942 24 70 370 497 512 230 535 554 426 108 40 31 3405
1943 29 135 283 587 308 631 502 358 189 56 34 21 3133
1944 29 31 42 64 143 213 215 421 162 37 22 18 1397
1945 22 107 149 105 466 203 319 450 196 50 26 20 2113
1946 36 117 492 260 146 257 407 445 149 47 25 17 2398
1947 31 96 101 54 184 301 263 179 90 27 20 17 1383
1948 " 55 52 41 209 68 128 509 509 323 65 34 16 2009
1949 22 38 62 42 77 245 412 408 111 31 19 19 1486
1950 14 31 38 237 331 309 461 469 227 47 24 30 2218
1951 69 677 794 411 378 286 360 365 112 30 33 25 3540
1952 41 102 315 325 481 356 692 929 582 221 45 30
1953 43 32 127 570 143 214 383 403 410 133 51 45
1954 31 65 63 155 238 385 491 323 96 34 18 19 1918
1955 17 40 107 100 82 123 182 388 181 35 16 15 11286
1956 17 40 1192 776 308 287 334 576 296 86 23 28 ~ 3963

1959 20 37 33 201 226 189 232 171 71 25 12 21 1238
1960 19 17 19 74 389 418 313 265 133 32 15 11
1961 15 50 64 37 155 176 219 252 107 23 16 12 J 1126.~
1962 17 21 73 56 435 219 454 361 204 44 26 13 ~ 1923
1963 451 79 248 214 596 205 557 608 204 56 31 24 | 3273 |
1964 33 212 77 133 108 123 247 320 152 4Q 19 16’~ 1480’
1965 16 63 1341 678 240 198 602 442 264 72 41 26 ~ 3883
1966 25 91 76 123 99 227 402 282 58 20 10 11 | 1424
1967 16 129 282 393 260 420 299 657 603 177 44 20 J 3300
19682630691434422752432227821186,1573,

’969 28 89 130 964 377 278 522 768 388 42 66 17 I’~"~’~l"J
1’70 31 39 388 1278 263 287 ,73 275 127 34 1..
1,71 0 184 338 288 206 3g4 358 562 374 86 44 23 2857
197229451041351814232543061603114291711
!,734715024350935331032150014228.8252646
1974 34 559 395 706 ~74 680 487 494 282 110 29 16 3966
1975 8 35 48 84 285 399 272 594 438 gg 52 39 2353 ~_~J~
1976 70 76 62 47 76 123 128 130 30 S 27 7 781. ----
1977 11 26 3 35 17 34 60 82 3? 11 3 6 32S*
1918 7 21 17T 558 288 527 427 482 322 88 20 42 2gsg
197g 19 31 36 131 178 311 308 519 129 27 18 19 1726
1980 37 74 113 958 599 314 336 398 225 80 23 19 3174

1982 40 613 777 376 669 468 885 636 305 I01 26 29 4g25
1983 121 191 377 322 565 g2g 429 716 712 274 62 37 4735

Ave 35 g7 203 263 288 316 375 427 225 58 25 20 2333
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Honthl7 R~ngff

Data were developed to illustrate monthly streamflow patterns in
the lower Yuba River following completion of New Bullards Bar Dam.
These data were derived from records obtained from USGS and
compared to monthly unimpaired data from DWR (1987a} (Table 5,
Figure 5}.

The difference between the unimpaired and impaired monthly flow
below Englebright can be attributed to the impacts of storage
upstream of Englebright Dam, channel loss, evaporation, and
diversion. For example, the impact of storage can be seen where
impaired flows exceed unimpaired flows as a result of water stored
during the wet period then released during the dry months of July,
August, September, October, and November (Figure 5).

The difference between monthly impaired flows as measured below
Englebright Dam and those near Marysville can be attributed to the
increased size of the watershed downstream near Marysville as
compared to the smaller drainage area at the station below
Englebright Dam (1,339 and 1,108-sq mi, respectively} and the
diversion of water near Daguerre Point Dam. Typically, the flows
near Marysville exceed~those below Englebright Dam during the wet
months of December through March when diversions do not occur,

Table 5. Mean monthly flows for the lower Yuba River, California,
from monthly estimates of unimpaired flow at USGS gage station
1,419000 located at Smartville for water years 1921-1983, and
from mean daily impaired flow records for water years 1969-1988/
for USGS gage stations located below Englebright Dam (11418000)
and near Marv~v~le (I 1421000 },

Unimpaired flow               I~p~d fl~w
At                Below                Near

Smartville Englebright Marysville
Month (cfs} (AF} (cfs) (AF) (cfs) (AF)

Oct 569 35,000
1,397

85,899
1251

76,922
Nov 1,627 96,790 ,777 105,740 ~700 101,159
Dec 3,309 203,440 2,706 166,388 2,862 175,980
Jan 4,285263,490

34,887239,9006 ~,513
277,498

Feb 5,180 287,700 ,051 224, 84 ,976 276,357
Mar 5,               147316,490 3,434 211,152 4,249 261,265
Apr 6,310 375,460 2,920 173,755 3,148 187,322
May 6,936 426,510 2,580 ,58,640 2,2,6 136,259
Jun 3,774 224,570 2,259 134,422 I ,803 107,288
Jul 949 58,380 1,762 108,343 1,280 78,705

Sep 341 20. ~90 662 98. 897 ,489 88. 603

Total ~, 332,7~0 1, ~2~. 80~ I, ~57. 808

-20-

I
C--066792

G-066792



| Oct    Nov    Dec Jon Feb    Mar Apt Moy    Jun    dul    Aug Sep

5~ ~l( ~ Month

I D Unimpoired + Below Englebright O Neor Ma~sville

Figure 5. Comparison of mean monthly flows at selected USGS gage
stations located at Smartville (gage 11419000, estimated

I unimpaired flows for water years 1921-1983), below Englebright
-- Dam                  (gage 11418000, impaired flows for water years 1969-1988),

and near Marysville (gage 11421000, impaired flows for water

I years 1969-1988), lower Yuba River, California.

i inflow from Deer and Dry creeks is greatest, and runoff from the
larger drainage area is greatest (Figure 5}. Conversely, flows
near Marysville are less than those measured below Englebright Dam
during the months of greatest diversion, April through November.

i Below average water years present special problems. Sufficient
water may not be available during dry years to fully meet instream
and offstreamneeds. Thus, it is necessary to develop dry year
criteria. For these investigations, "dry" hydrologic conditions

I are defined as less than 50% of the S0-year average unimpaired
runoff of the Yuba River in acre-feet at Smartville for the~ current water year.

I Assessment of the current water year runoff can be determined from
’ DWR’s forecast of the current water year unimpaired runoff for

Central Valley streams which compares this forecast to the 50-year
I average. This report is published annually by DWR as the ~av 1.

-I
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Report o~ Water Conditions in California. The series of years
used to compute the 50-year average varies, but generally includes
the preceding 50 years immediately prior to the year of interest
and is updated every 5 years. For example, DWR’s May I, 1985
forecast for the Yuba River at Smartville was based on data from
water years 1931-1980 (DWR 1985), while for the May I, 1987
forecast, the 50-year average was based upon data from water years
1936-1985 (DWR 1987b}" The 50-year average values for the Yuba
River (at Smartville} during these 2 years were 2,297,000 AF and
2,460,000 AF, respectively, closely resembling the 63-year average
of 2,332,730 AF found in Table 4. Thus, for the water years 1985
and 1987, dry hydrologic conditions existed only for the 1987
water year when the forecasted annual runoff was 35% of the
50-year average or "normal".

Identification of the frequency of dry year occurrence during the
63-year period (1921-1983} of estimated unimpaired flows at
Smartville c~tained in Table 4 is possible by applying this dry
year criter~. This islappropriate since the 50-year averages
cited for the 1985 and 987 wateryears closely             resemble the
63-year historical average. Doing 10 canso indicates     years be
classified as "dry" or less than 50% of the average annual
unimpaired flow, while 53 years exceed the dry year status.

During critically dry years when water availability is less, flows
are often reduced according to a curtailment schedule. Thus, in
the event a dry year is identified, reductions to fishery flows
recommended by DFG and offstream diversions should be ~ade on a
equal percentage basis. Such reductions should be based on water
available to permanent contracts existing on January 1, 1990.
Offstream contractual obligations and diversions made after
January 1, 1990 should be reduced to zero before reductions in
fishery flows occur.

The flow pattern of the lower Yuba River below Englebright Dam has
been altered due to projects for storage, diversioD, and
hydroelectric power generation. Estimates of unimpaired flow
(without projects} indicate peak runoff typically occurs during
March through June while existing impaired runoff peaks during the
months of January through April.

Diversions out of the Yuba River basin upstream of and downstream
of Englebright Reservoir have reduced the flow at Marysville.

For the 63-year period 1921-1983 of estimated unimpaired flows at
Smartville, 10 years can be classified as "dry" and less than 50%
of the average annual unimpaired flow, while 53 years exceed the
dry year status.

The difference between the unimpaired and impaired monthly flow
below Englebright can be attributed to the impacts of storage
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upstream of Englebright Dam, channel loss, evaporation, and
diversion. For example, the impact of storage can be seen where
impaired flows exceed unimpaired flows as a result of water stored
during the wet then released during the dry months ofperiod,
October, November, July, August, and September.

Typically, the flows near Marysville exceed those recorded below
Englebright Dam during the wet months of December through March
when diversions do not occur. During the period, inflow from Deer
and Dry creeks is greatest. Conversely, flows near Marysville are
less than those measured below Englebright Dam during the months
of greatest diversion, April through November.

"Dry" hydrologic conditions are defined as less than 50% of the
50-year average unimpaired runoff of the Yuba River in acre-feet
at Smartville for the current water year as published annually in
the May I. RePort of Water Conditions in California by DWR. In
the event a dry year is identified, reductions to fishery flows
recommended by DFG and offstream diversions should be made on a
equal percentage basis. Such reductions should be based on water
available to permanent contracts existing on January I, 1990.
Post January I, 1990 offstream contractual obligations and
diversions should be reduced to zero before reductions in fishery
flows occur.
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FISH COMMUNITY STUDIES

Management of the fish resources in the lower Yuba River requires
understanding of the fish community composition and biology,
interactions of anadromous and resident fishes, and the influence
of ablotlc and biotic conditions on fish abundance and
distribution.

To meet these information needs, surveys were conducted to assess
species composition, relative abundance and distribution, chinook
salmon growth rates and condition, and predation on juvenile
chinook salmon.

Fish Species Composition,
Relative A~n~ance. and Distribution

Fish species composition, relative abundance, and distribution
were assessed using two methods, electrofishing and direct
under-water observation (snorkeling). Electrofishing was
conducted by boat to obtain data on secretive species
under-represented in snorkel surveys, and to obtain fish for
length, weight and age measurements, as well as for analysis of
stomach contents. Snorkel surveys were conducted primarily to
characterize Juvenile salmonid habitat use during spring in all
habitats, including shallow near shore and riffle areas that were
inaccessible to boat electrofishing.

Species Composition                  %~ ~

Nine sites were electrofished during February and seven of the
nine sites during May 1987 (Figure 2}. The two sites in river

reach three were not sampled in May. The sampling sites were
located within each of the four river reaches and were associated
with the IFIM sites except in river reach two where alternative
sites were To insure sampling coverage ofselected, adequate a

three runs bank, centersite, electrofishing (left river channel,
river at ofright bank} were made each site. The length     each site

was measured and the percentage of habitat composition visually
estimated. Because shallow water habitats (~1.5 ft) were

l inaccessible to the electrofishing boat, sampling was restricted

Snorkel surveys were conducted by a team of three/divers in each
habitat type (deep pools, shallow pools, run/glide, and riffles)
within each of the four reaches during May 1988~! Because river

one was comprised almost entirely of deep pool habitat, onlyreach
deep pools were sampled. Three replicates of each habitat type
present within each river reach were surveyed, resulting in a
total of 39 sampling sites distributed throughout the study area.
Snorkel surveys were conducted in all four IFIM sites, as well as
in other areas of the river. In study sites where the linear
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istance ~f the habitat was less than 300 ft, the entire length of
the habitat was sampled. In areas where the linear distance of
the habitat type exceeded 300 ft, observations were limited to a
300-1inear-ft sample of the habitat.

Snorkel surveys were conducted using a team of three divers
experienced in the underwater identification of fish.
Observations were made by the divers, positioned in a straight
llne perpendicular to the shore, moving in the upstream direction.
The lateral distance between divers was based on underwater
visibility, at each site to ensure complete visualadjusted
coverage of the area below the divers. In study sites where the
river channel width exceeded the visual capability of the divers,
multiple longitudinal passes were made. To minimize double
counting of fish, the alignment and position of the divers in the
river channel and the lateral distance between divers was
maintained by verbal communication with a biologist stationed on
the shoreline. The number, life stage, and identification (lowest
taxonomic level possible) of fish observed was verbally
communicated to the data recorder on shore.

Underwater visibility and water temperature were recorded at each
site immediately prior to making observations. Water depth and
velocity measurements were recorded at three equidistant points
along each of three transects distributed equally along lengththe
of the sampling sites and percent substrate composition was
visually estimated at each site subsequent to the completion of

"~’%,...snorkeling.

A total of 1,707 fish representing 13 species and seven families
~ collected by electrofishing (Table 6}. Three species were
collected in the Narrows Reach, ten species in both the Garcia
Gravel Pit and Simpson Lane reaches, and six species in the
Daguerre Point Dam Reach. Chinook salmon were found in all four
reaches, while rainbow/steelhead trout were found in all of the
reaches except the Narrows Reach. Species collected only in the
Simpson Lane Reach included Pacific lamprey, smallmouth bass, and
rule perch. Bluegill and speckled dace were collected only in the
Garcia Gravel Pit Reach.

A total of 8,815 fish representing 13 species and eight families
were observed by snorkeling during May 1988 (Table 7}. Chinook
salmon and rainbow/steelhead trout were observed in all four river
reaches, and were the only fish species observed in the Narrows
Reach. Sacramento squawfish, Sacramento sucker, smallmouth bass,
and sculpin were represented in all three river reaches downstream
of the Narrows Reach. Tule perch and hardhead were observed in
the Daguerre Point Dam and Simpson Lane reaches, while speckled
dace observed in the Garcia Gravel Pit and Point Damwere Daguerre
reaches.
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Table 6. List of fishes (all age classes) collected by
electrofishing in the lower Yuba River, California, February and
~av 1~.

Species                       River r~h*

Chinook salmon CHIN I~ 38    8; 352     831
~f’~ainbow troUttrout
 ¢U’ ’ Steelhead

-
Speckled dace - 10
Hardhead SHH~
Sacr~ento s~awflsh SQ - 91 6 32 ~29
Sacr~ento sucker S~ 2 386 23 128 539
Smal~outh bass S~ - - - 3
Green s~flsh GS I I - 1 3
Bluegill BG -
Tule perch TP - -
Riffle sculpin RSC ~ ~ ~ ~ 7~

Tg~als

* River Reach: I - Narrows Reach; 2 - Garcia Gravel Pit Reach;
3 ~ Daguerre Point D~ Reach; and 4 - Simpson Lane Reach.

Table 7. L~st of f~shes (all age classes) collected b~ snorkeling
in the lowe~ Yuba River, Ca~!~o~ia, in May 1988.

Species                 River reach*
~on n~m~ abbr~via~i0n ~ 2 ~ 4    TO~I
Pacific L~prey LP 0 6
Chin~k salmon CHIN

~Rai~ow trout(juv} RT 3 1,649 143 34 1,829
~ai~ow trout(adlt) RT+ 0 19 9 16 44

~Unidentlfied salmonids US 0 117 0 0 117
Speckled dace DC 0 172 ~5 0 ~87
Califo~ia roach RCH 0 20 0 0 20
Hardhead
Sacr~ento squawfish(juv) SQ 0 89 23 43 76~
Sacr~ento s~awfish(adlt) SQ+ 23 55 ~ 89
Unidentified cyprinids UC 0 2 0 77 79
Sacr~ento sucker(Juv} S~ 0 224 18 84 326
Sacr~ento sucker(adlt) S~+ 0 403 228 29 660
Mos~itofish ~ 0 0
Smallmouth bass
Redear s~flsh

1 1 1

* River Reach: 1
Reach; 3 - Daguerre Point D~ Reach; and 4 - Simpson Lane
Reach.

+ Indicates adult stage (see also Figure 7}.

!
C--066798

C-066798



NO ~erican shad were seen in either snorkel or electrofishing
s~ples ~ssibly due to the low water conditions experienced
during the spring of 1987 ~d 1988. Although not all species
noted in earlier studies by Beak (1976} (T~le I} were observed
during this investigation, two additional species were observed
(rule perch and redear sunfish}.

S~cles Relative ~dance ~d ~crohabi~t Use

Relative ~dance estimates calculated for all electrofishing
s~pling sites and perils co~ined, indicate that chinook salmon
~d Sacr~ento sucker were by far the most ~dant species,
comprising 49% and 32% of the total catch, respectively (Figure
6). These two species were followed in ~dance by Sacr~ento
s~awfish (8%}, tule perch (4%}, ~d riffle sculpin (4%}. All
other species individually represented less th~ ~% of the total
number of fish collected. Differences in relative abidance
between results of electrofishing and snorkeling may be due to the
difficulty of electrofishing the higher velocity areas with the
electrofishing boat, such as that fo~d in riffle habitat.

Relative abundance estimates calculated from snorkeling
observations showed chinook salmon as the most abundant fish
species, representing 49% of the total number of all fish obse~ed
(Figure 6}.

RSC ~ Elecroftsh|ng

~
Snorkel tng

GS

RT ............ ~

Fi~re 6. ~erall relative ~d~oe (~rcentof total number) of
all fish species collected by electroflshing ~d obse~ed by
snorkeling in the lower Y~a River, Callfo~la. Species
~breviatlons are presented in T~les 6 ~d 7.
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I
Chinook salmon were followed in abundance by rainbow/skeelhead
trout 122%}. Following the salmonids in abundance were Sacramento
sucker (11%) and Sacramento squawfish 110%). The remaining
species individually represented less than 2% of the total number ._
of fish collected.

Certain species exhibited trends in habitat type use. Chinook I
salmon densities were greatest in riffle and deep pool habitats
(Figure 7). Nearly all of the salmon found in deep pool habitat

observed in the fast water component that entered at the head Iwere
of the pool hydraulically similar to the conditions found in
riffle and run/gllde habitats. Ralnbow/steelhead trout, speckled
dace, and Pacific lamprey densities were highest in the fast water 1
habitats (i.e., riffle and run/glide}. This preference for high
velocity habitat by rainbow/steelhead trout may explain why they
were not found in abundance in results of electrofishing as i
compared to snorkeling since it was difficult to sample riffle
habitat with the electroflshing boat. In contrast, adult
Sacramento squawfish and Sacramento sucker were most abundant in
deep pools, while the young of these two species displayed high ¯
densities in both deep and shallow pools.

Growth Rates and Condition                                                          m

Lengths and weights of Juvenile chinook salmon captured by
electrofishing were used to assess seasonal fish growth and
calculate condition factors. Length-frequency distributions were l
generated for February and May collections. Average lengths of .1
juvenile chinook salmon were calculated for each river segment for
the February and May sampling (Table 8)    Condition factors (K) I
were calculated according to Carlander i1969).

Table 8. Average fork lengths (in} and condition factor of I
juvenile chinook salmon captured by electrofishing during
February and May in the lower Yuba River, California. Sample
size in Daren~h~, I

" ~" Su~ey Gravel Point Simpson I
period ,,, N~rr~w~ Pi~ Dam L~n~

Average fork length:
Feb~a~ 1.87(8) 1.51 (266) 1.57(82) 1.68(292 )

~~ondit~on factor:
~. Feb + M~y ~,14(~) 1.14(300) ~0.90(82) 1,1~(~47) ~

~e average length of Juveniles fo~d in Ehe Simpson Reach was
~eater th~ those in the upstre~ reaches except for the Feb~ary       ~
s~ple in the Na~ows. The small s~ple size ~y explain this
larger me~ length. Growth of fish within each reach is apparent
fr~ Feb~ary to ~y.                                                             ~
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R~/~E                         R~F~

"

Species

F~gure 7. Average fish densities (fish per 1,000 linear ft) of
all species obse~ed by snorkeling in deep ~i, shallow pool,
~/glide, and riffle h~itat types in the lower Yuba River,
Califo~ia, May 1988. Vertical bars e~al ~ the standard error
of the me~. Species ~bre~iations ~e presented in T~les 6
~d 7.
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/    Average condition factor for 568 Juvenile chinook salmon collected
/ ~in February was I .11, while that of 170 fish collected in May was

~_I .16. The average condition of fish during the February and May
/ -sampling in the Daguerre Point Dam Reach (0.90} was notably lower

[/    than that of fish in the other three reaches (1.14-1.15) (Table
~    8). This may be the result of stress emigrating salmon experience

~ with passage by the dam or a reduced food supply in the area.
"~ Sampling at this site was conducted only in February since

sampling was not possible in May due to the release by DFG of
coded-wire tagged Juvenile chinook into the sampling site area.

.~ Electroflshing indicated that chinook salmon was the most abundant
~,,~ species found in all four study reaches. Snorkeling observations

~-~ indicated rainbow/steelhead trout were found in all four reaches,~ as well. No American shad were observed in any reach using either

~,~ Young chinook salmon showed densities in riffle and thehighest
~ fast water component of deep pool habitats. Rainbow/steelhead

&~., trout abundance was highest in the fast water habitats, riffle and

"//~" Calculations of chinook sa1~on condition factors showed an
increase from I .11 to I .16 from February to the May sampling.
Those fish sampled in the Daguerre Point Dam Reach had the lowest
condition factor (0.90 }.
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HABITAT CRITERIA

i,           Habitat needs of fall- and spring-run chinook salmon, steelhead
trout, and American shad in the lower Yuba River vary with the
season of the year and the stage of their life cycle. Upstream
spawning migration of adults, spawning, incubation, fry and
Juvenile rearing are the major life stages for these species.
Water depth and velocity, substrate composition, and water.

i temperature are habitat criteria used most often to describe
habitat needs. Bovee (1986} defines habitat criteria as a set of
characteristic behavioral traits of a species that establish
standards for comparison.

A major goal of the lower Yuba River studies was to determine the
relationship between usable fish habitat and discharge for these

i species through use of the Instream Flow Incremental Methodology
(IFIM). Thus, an evaluation of microhabitat use was conducted to
develop habitat criteria for use in the IFIM.

I Another major study element was to evaluate water temperatures
existing downstream of Englebright Dam. Therefore, temperature
criteria were developed for spawning migration, spawning,

i incubation, and fry and Juvenile rearing life stages from west
¯ coast literature to provide a reference point to which lower Yuba

River temperature conditions can be compared.

Evaluation of Microhabltat Use

Studies were conducted in the lower Yuba River to develop
microhabitat use criteria for mean column velocity, total mean
depth, and substrate for various llfe stages of chinook salmon,
steelhead trout, and American shad. Sufficient data were

i collected through direct observation of individual fish to
describe each of three chinook salmon llfe stages: (I} fry < 2 in
TL, (2} juveniles ! 2 in TL, and (3} spawning adults.
Insufficient numbers of steelhead trout or American shad were

I observed during the 1987 field season to allow development of
habitat criteria for these species.

i
The following parameters were measured for each observation: mean
column velocity, total depth, and redd substrate composition.
Water velocities were measured with a Marsh-McBirney current meter
to the nearest 0.01 ft/s parallel to the current according to

i Trihey and Wegner (1981). Total depths were measured in metric
and Engllsh units with USGS top-settlng rods. Redd substrate
composition was visually estimated and described using fifteen

i
size categories (Table 9).

Total depth and mean column veloclt¥ criteria for each life stage
were developed by applying the non-parametric tolerance limits

I method to the frequency of use distribution (Somerville 1958;
Remington and Schork 1970; Bovee 1986). The non-parametric
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tolerance limits method involves calculation of cumulative
frequencies in 0.1 ft or ft/s increments using both zero depth and
zero velocity as individual intervals. Non-parametrlc tolerance
limits were applied to each use frequency distribution and the use
curves were developed following the methods prescribed by Bovee
(1986).

Substrate criteria were further developed by combining the 15
defined substrate categories into the nine broader particle size

i classes of the commonly used Brusven Substrate Index (Brusven
1977) (Table 9). Criteria were developed using only the dominant
substrate particle size because the sample size was too small to

i develop domlnant-subdominant criteria. For each observation, the
substrate category that contained the greatest percentage of
material was defined as the dominant particle size (Aceituno et
al. 1985). When substrate abundance was equal between substrate

i categories, dominance was assigned randomly. Observation
frequency-of-use for each substrate category was summarized and
normalized to develop habitat use functions.

!
Table 9. Classification system used for estimating substrate

I c omposition during fish habitat use observations in the lower
Yuba River. c~Ifor~, 19~-1~7,                           .

Substrate code Brusven (1977}

i for recording substrate code Substrate
i ~bservations for data analysis description    Size class (in)

I I ~ organic debris -
2 1 mud-soft clay <0.002

i 3 1 silt <0.002
~ 4 1 sand 0.002- 0.10

5 1 coarse sand 0.10 - 0.25

.
6 2 small gravel 0.25 - 1.00
7 3 medium gravel 1.00 - 2.00
8 4 large gravel 2.00 - 3.00
9 5 small cobble 3.00 - 6.00

l , 10 6 medium cobble 6.00 - 9.00
11 7 large cobble 9.00 -12.00
12 8 small boulder 12.00 -24.00

i I~
9 medium boulder 24.00-79.00
9 large boulder >79.00

15 9 bedrock -

Fall-RunSpawnlngChlnook Salmon Criter£a

I Fall chinook salmon spawning habitat use data were collected
November 17-22, 1986 at three locations: (1} below and near
Highway 20 Bridge crossing, (2} below and within 1/4 mi of

i Daguerre Point Dam, and (3) near Plantz Road (Figure 2).
Streamflow above and below Daguerre Point Dam varied from 820 to
858 cfs and 616 to 647 cfs, respectively, during sampling.
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Occupied salmon redds were preferred for spawning habitat
measurements, but vacant redds were also measured if recent
completion was evident and hydraulic conditions had not changed
significantly subsequent to completion. Each redd examined was
individually flagged to prevent re-sampling.

a redd location, measurements of mean column velocity, totalAt
depth and substrate were made to approximate habitat conditions
prior to gravel disturbance caused during redd construction. All
measurements were made 0.5 ft upstream of the leading edge along
the mid-line of the redd. Sampling for spawning chinook salmon
yielded 154 observations of habitat use for depth and velocity
(Table 10).

Observations of total depth over redds ranged from 0.35 to 3.25 ft
with the mean depth at 1.45 ft (± 0.54 S.D.) (Table 10). Fifty
percent of the observations were in the depth interval 0.95-1.85
ft, which was assigned a use value of 1.00 (Table 11, Figure 8}.
A depth of 0.45 to 2.85 ft defined the 95% observation range, and
was assigned a use value of 0.50. Compared to salmon spawning
depth criteria for the Mokelumne River (Envirosphere 1988} and
previously published criteria for other rivers (Bovee 1978; Vogel
1982; DFG 1~~a~. ton~,, depth ranges and maximum
probab~TE~~~~elumne river distributions are very
similar, chinookIn the Yuba and Mokelumne rivers, spawning
salmon utilized greater depths than reported by Bovee (1978) for
several rivers and Vogel (1982) for Battle Creek, a tributary to~
the Sacramento River.

Observations of mean column velocity use over redds ranged from
0.0 to 4.55 ft/s with a mean of 2.26 ft/s (~ 0.85 S.D.) (Table
I0}. Velocities within the range 1.55-2.95 ft/s accounted for 50%
of the observations and was assigned a utilization value of 1.00
(Table 11, Figure 9}. The upper and lower limits for the 95%
observation interval were 4.45 and 0.35 ft/s, respectively.

Table 10. Habitat use observations for three life stages of
fall-run chinook salmon in the lower Yuba River, California,

Sample
coefficient

Sample    Sample                         of variation
Life sta~e s~    .. ~an~e      Mean+.$D M~dian      (%)

Me~ryCOlumn velocity (ft/s):180 0.00-2.~5    0.34±0.45    0.~I ~34

Spawning 154 00-4 55 26~0.85 . 27 38
Total depth (ft):

Juvenile 500 15-2 06~0.57 95 54
Spawning 154 .35-3 2     1 45~0.54 1.47 37
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Table 11. Total depth and mean column velocity habitat use criteria

i
for fry, juvenile, and spawning fall-run chinook salmon in the
lower Yuba River, California, 1986-1987. Criteria developed by
the non-Darametrlc tolerance limit method°

Total deDt~                      M~n column velocity

i ~ Midpoint Tolerance Midpoint Tolerance
of depth limit of Use     of velocity limit of Use
interval P at the probability interval P at the probability

,-. (ft) 90% CL* index+ (ft/s) 90% CL* index+
Fry:

0.00 0.00 0.00 0.00 0.90 0.20

75 .50 00 .25 0.90 0.20

15 .TS .50 .25 0.00 0.00
2.25 0.90 0.20
2.85 0.95 0.10

~ll!

3.25 0.00 0.00
Juvenile:

0.00 0.00 0.00 0.00 0.95 0.10
0.15 0.95 0.10 0.05 0.90 0.20

I 0.25 0.90 0.20 0.35 0.75 0.50
0.45 0.75 0.50 0.55 0.50 1 .00
0.55 0.50 1.00 1.25 0.50 1.00

1.75 0.75 0.50 2.25 0.90 0.20

45 0.95 0.10 15 0.99 0.02

I 32 95
0.99 0.02 3 25 O.0O 0.00

.05 0.00 0.00
Spawning :

i 0.00 0.00 0.00 0.00 0.95 0.10
0.25 0.00 0.00 0.35 0.95 0.10
0.45 0.95 0.10 0.85 0.90 0.20

l 0.65 0.90 0.20 1.25 0.75 0.50
0.75 0.75 0.50 1.55 0.50 1.00
0.95 0.50 1.00 2.95 0.50 1.00
1.85 0.50 1.00 3.25 0.75 0.50

i 2.15 0.75 0.50 3.85 0.90 0.20
2.55 0.90 0.20 4.45 0.95 0.10
2.85 0.95 0.10 ,~.6s 0.00 0.00
3.35 Q,O0

* P equals the proportion of the population between the rth
smallest and the sth largest value in a random sample of N from
a population having a continuous but unknown distribution
function (Somerville 1958}.

+ Use probability equals 2(1-P}.
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Greatest habitat use for the Mokelumne River was for the velocity
2.70 ft/s(Envirosphere                   1988}. The frequency of use distributions

rivers were those reported by Kurkofor the two similar to (1977)
River,for the Skagit Washington, Vlncent-Lang et al. (1984) for

tributaries of the Middle Susitna River, Alaska,
the Sacramento ~ver, California, and H.~.a~._pto~
~_~~~r~i~.~,~pawnln~sh
Mokelumne river~~~r velocity water than reported by Bovee

Sampling of spawning chinook salmon substrate use was restricted
to 146 observations. Conditions upstream of eight redd sites were
disturbed, preventing substrate evaluation (Table 12). Dominant
substrate use for redd construction in the lower Yuba River by
spawning chinook salmon was greatest for small cobble (3 to 6 in

~ in diameter). This is substrate code 5 and received a utilizatiOnnextvalue of 1.00 (Table 12, Figure I0}. The greatest dominant
gravel in diameterparticle size was large (2 to 3 in ) with a

code of 4 of 0.56.substrate and assigned a utilization value
Envirosphere (1988) reported Mokelumne River substrate utilization
was the same asfor the           lower Yuba River for substrate codes                                                 5, 6,
and 7 while no was noted for substrate codesutilization I through

(1988) reported substrate4. DFG (1990) and Hampton code 4 as the
the Sacramento and Trinitydominate particle size for rivers,

respectively.

Fall-RunFr~Chlnook Salmon Criteria

~.~.Sampllng for fry and juvenile chinook salmon life stages was
conducted by an underwater observer. Measurements of habitat use
were based upon direct observation of fish. Each individual fish

~observed was counted as one sample The observer marked each site
for mean column velocity, total depth, and substrate measurements.

~Criteria development for the chinook salmon fry life stage was
based upon sampling during the first two days of February 1987 at

Hallwood Avenue site daily flowsthe (Figure 2). Mean at the USGS
gage near Marysville were 697 and 890 cfs,respectively                   (USGS
1987}.

Fry use observations for total depth and mean column velocity were
based upon 180 fish. Fry were observed in depths ranging from
0.35 to 3.15 ft (Table 10}. Fifty percent of all use observations
were within 0.75 to 1.45 ft, and a use criteria of 1.00 was
assigned to this range (Table I~, Figure 11}. The 95% range of
observations was from 0.35 to 2.85 ft. An index of 0.10 was
assigned to this range. Depth utilization in the Mokelumne River
(Envirosphere 1988} was highest at 1.70 ft, compared to 0.75 to

ft in the Yuba River,I. 45 while~DFG ~1990 )_ and Hampton ( 1988~
E~pq_r~ed maximum mreference’~~~ and ~ .~ ft fo{~;
~.zorn~a rivers.
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Mean column velocity used by fry ranged from 0.0 to 2.15 ft/s
(Table I0). Fifty percent of the habitat use observations were
within the 0.05 to 0.45 ft/s range resulting in a maximum criteria
value of 1.00 (Table 11, Figure 12), which is similar to use in
the Mokelumne River (Envirosphere 1988), and as reported in other
rivers by Burger et al. (1982), DFG (1990), and Hampton (1988).
The limits for the 95% interval were 0.0 to 1.85 ft/s.

Table 12. Dominant substrate utilization criteria for spawning
chinook s~imon..in the lo’.~r ~ba River. California. 1986-I~7,

Brusven (1977)
substrate code
normalized

for data Substrate Size Frequency Use
analysis d~scriDtlon class (in) of us~ in~x

I coarse sand & fines <0.25 8 0.14
2 small gravel 0.25 - 1.00 8 0.14
3 medium gravel 1.00 - 2.00 25 0.45
4 large gravel 2.00 - 3.00 32 0.57
5 small cobble 3.00 - 6.00 56 1.00
6 medium cobble 6.00 - 9.00 16 0.29
7 large cobble 9.00 -12.00 I 0.02
8 small boulder 12.00 -24.00 0 0.00
9 medium boulder to ~24.00 0 0.00

bedrock
T~t~l 146

Fall-RunJuven~leCh~nook Salmon Crlteria

Criteria development for the juvenile life stage was based upon
sampling conducted from April 27 through May I, 1988 at the Plantz
Road site and Hallwood Avenue site downstream of Daguerre Point
Dam (Figure 2). Streamflow at the Marysville gage ranged from 346
to 416 cfs during the survey.

The range of total depth used by juvenile chinook salmon was 0.15
to 2.95 ft with a mean depth of 1.06 ft (± 0.57 S.D.) (Table 10).
The 50% observation range for the use distribution was 0.55 to
1.45 ft with use index calculated at 1.00 (Table 11, Figure 13).
Depth of highest utilization reported by Suchanek et al. (1984)
for tributaries of the Susltna River, Alaska, was between 1.0 and
1.55 ft, Bovee (1978} reported maximum use of depth !1.5 ft in__
several Idaho river systems, while for California rivers, maxim~----~.
preference was for depths )I.0 ft in the Trinity River (Hampton
1988) and .                                       .>3 0 ft in the Sacramento River (DFG 1990)

Nean column velocity used by Juveniles ranged from 0.0 to 3.15
ft/s (Table 10}. The maximum use ~ndex value of 1.00 encompassed
the range 0.55 to 1.25 ft/s (Table 11, Figure 14). Velocities of
0.0 and 2.95 ft/s defined the limits of the 95% observation range,
receiving a utilization value of 0.10. Juveniles in the lower
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Figure 11. Chinook salmon fry total depth use frequency and use
probability in the lower Yuba River, California.
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Yuba River utilized somewhat higher velocities than reported by
Suchanek et al. (1984) and Bovee (1978) where maximum utilization
was 0.30-0.70 ft/s and 0.60 ft/s, respectively. Maximum
preference reported by DFG (1990) and Hampton (1988) was 0.5 ft/s~
and 0.0 ft/s, respectively.

SteelheadTrout Criteria

Evaluation of microhabitat for steelhead trout was not possible
-~-extensive examination of the lower Yuba River failed to

locate sufficient numbers to allow habitat use data to be
prepared. In the absence of data collected specifically for the
lower Yuba River, it is the DFG’s policy to use habitat criteria
presented by Bovee (1978) for the fry, Juvenile, and spawning life
stages.

Water Temperature ~ TA~z~/~o~ ~¢~

Water temperature is a primary factor affecting growth and
survival of fishes in the lower Yuba River. Because of limited
temperature tolerance, chinook salmon, steelhead trout, and
American shad are more susceptible to temperature related problems
of stress than are other species of the lower Yuba River (e.g.,
Sacramento sucker, hardhead, and Sacramento squawfish). There is
a preferred water temperature range at which growth and survival
are optimum for each of these species of concern. Generally as
temperatures increase above these preferred ranges, mortality
rates increase, growth is reduced, and susceptibility of the fish
to disease increases. Temperatures below these preferred ranges
result in reduced growth_,Au,,,~_-/~
Table 13 summarizes/thepublished literature of Pacific Coast
water temperature preferences for fall- and spring-run chinook
salmon, steelhead trout, and American shad. Where possible,
preferred water temperatures were selected from river systems
similar to the Yuba River, such as the Feather River and American
River. The temperature ranges were selected where they could be
associated with a life stage that was identified by the respective
author. The life stages are: spawning migration, spawning, egg
incubation and emergence, fry rearing, and juvenile rearing.

The preferre~ range for fall-run chinook salmon upstream migration
is 44.~-57.5~F, spawning iR 4~.0-57.0 F, egg incubatio~ through
fry emergence is 41.0-57.9-F,~fry rearing is 44.6-57.2"F, and
juvenile rearing is 45. ~ -58.3"F (Table 13 }.

Spring-Run Chinook Salmon

The preferred temperature range of 37.9-55.9°F for spring-run
chinook salmon migration is lower than for fall-run at 44.~-57.5°F
(Table 13}. The sprlng-run period of summer holding in deep
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pools, commonly found in upstream canyon areas, necessitates
tolerance of warmer water temperatures that should seldom exceed

I 69.8-77.0°F (Moyle 1976}. Studies by USFWS staff on the Trin~ty~
River sugges~ spring-run chinook salmon select water temperature~
less than 60 F (R. Brown, USFWS~ Lewlston, CA, per. comm. 1990).~
However, Bell 11986) cites 77.0VF as the upper incipient letha~~

i level for chinook salmon. Boles et al. (1988} states the maximum
temperature for maintenance of adult chinook sal~on in the river
while eggs are maturing should be 18ss than 60.0 F. Preferred

i spawning temperatures are 40.0-57.0 F and the preferred water
temperature range for egg incubation is 41.0 to 57.9 F, the same
as for fall-run. No reference for fry and Juvenile rearing
temperature requirements were found, but are assumed to be the

i same as for fall-run.

I
Table 13. Preferred_water temperature (OF) ranges for various

life stages of fall- and spring-run chinook salmon, steelhead
i trout, and Am~n shad,

Chinook sal~ Steelhead American
Fall-Run Smrin~-Run Trou~ ~h~ ..

I
Spawning migratlon:

49.0-57.5 E/ 37.9-55.9 ~/ 46.0-52.0 Q/    57 2-66

61.0-64.9 ~/i Spawning:
42.1-57.0 ~/ 42.1-57.0 GI 39.0-48.9 .~, / 60 1-70 0
44.1-55 9 QI 40.0-55.0 dl 46.0-52.0R! 59:9-70:0 ~/
41.0-56:0 ~/ 61.0-64.9 ~/-"~

_ Egg incubation and emergence:
41.0-57.9 ~I 41.0-57.9 ~I 50.0 ~I 60.8-65.~I 46.0-54.0 ~/ 48.0-52.0 Q/ 57.9-66 u

61.0-64:9

i Fry rearing:
44.6-57.2 fi/ 55.0-60.1 ~/ 59.9-69.8
53.1-55.9 ~/

i Juvenile rearing:
45.1-58 ~ ~/ 45.1-58.3 ~/ 59.9-69.8
53.1-55~. Q/ 55.o-6o.1 ~/!                  ,

~/ Bell 11986) ~/ Raleigh et al. 11986)

i ~/ R£ch (1987) ~/ Pa£nter et al. (19~9)
G/ Re£ser and B~OZTm (19~9) ~/ Painter et a~. (1977)
~/ Chambers (1956)

i
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SteelheadTrout

The preferre~ temperature range for steelhead spawning migration
is 46.0-52.0oF, while the preferred temperature range for spawning
is 39.0-52.0 F, and th~ preferred range for incubation and
emergence is 48.0-52.0~F (Table 13). Fry and juvenile rearing
requirements follow with ~ preferred temperature range of
55.0-60.1~F and 45.1-60.I~F, respectively.

A~erican Shad

~,~ The preferred temperature range for American shad spawning
~lu~ migration is about 48.9-66.2 F (Table 13). Spawning ~nd egg
~;~.~.,~ incubatio~ preferred temperatures are about 59.9-70.0 F and

)_~~,~. 57.9-66.0 F, respectively._ Preferred fry and juvenile rearingrequirements are 59.9-69.8UF.

American shad habitat criteria have not been developed for use in
the IFIM from observations of shad using the lower Yuba River.
DFG has no set of criteria in the absence of on-site criteria~
since Bovee (1978} does not contain criteria for American shad~.-~
The criteria used in this investigation are based on available
information and DFG unpublished data. Additional on site studies
are needed to develop on site criteria to refine the
habitat/discharge relationships for this species. American shad
habitat requirements may be so unique and critical~
successful upstream migration, spawning, incubation, and fry and
Juvenile rearing, criteria in addition to depth, velocity and
substrate may need to be developed.

Lower Yuba River habitat use criteria for total depth and mean
column velocity for the three life stages of chinook salmon
investigated are reasonably similar to criteria reported in the
literature. Substrate criteria for the spawning life stage are
also similar to other reported values. These criteria are of
sufficient quality to use in evaluating the effects of incremental
changes in discharge on the quantity of physical habitat available
to fall-run chinook salmon. Insufficient spring-run fish were
observed to develop criteria for that race an__d_~h..ab~.~r$~.ria
were not available from the litera~_~u_~r~,~E,~.~..~fe stages. .... Th~s,
i~ o~ o~ o~I’/~ ~-d ~f~T~f~A~R ~ v~ r ~all-~" ~~ s-~lieved
to be the most useful in describing the needs of Yuba River

~ sprlng-run chinook salmon and was used in the analysis of
; spring-runneedSo

In the absence of habitat use data for Yuba River steelhead trout,
use criteria for depth, velocity, and substrate taken from Bovee - ~
(~978) were used for the life stages of fry, juvenile, and
spawning.
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The preferred temperature                                    13 arecriteria developed in Table
to the anadromousassumed to be applicable                      species of the lower

Yuba River. Where more thanone author               is cited for                  a life stage
and species, there is closeagreement of                 preferred temperature

/~requirements for all species considered. In addition, preferred
~temperatures for fall- and sprlng-run chinook salmon and steelhead

/~._are very similar. No information was available for the spring-run

~i/life~ stages of fry and Juvenile rearing and are assumed to be
similar to those for fall-run chinook salmon.

C--0668i 6
C-066816



Water temperature in the lower Yuba River is affected by the
operations of Englebright and New Bullards Bar reservoirs.
Existing water temperatures were examined to determine existing
water temperature regimes. Water temperature/flow relationships
were modeled using the Stream Network Temperature Model (SNTEMP)
(Theurer et al. 1984). Results of these studies are used to
identify temperature conditions of the lower Yuba River, and to
evaluate conditions that could adversely affect aquatic life.

Late-spring, summer, and early-fall water temperatures in the
lower Yuba River primarily are a function of the release water
temperature and magnitude of flows released from Englebright and
New Bullards Bar reservoirs. The capacity of Englebright (70,000
AF} is relatively small, and the pool of cooler water available
for use in controlling late spring, summer, and early fall
temperatures is limited. Completion of New Bullards Bar Reservoir
in 1969 greatly enhanced storage (961,300 AF} on the river, and
the opportunity to use the increased volume of cool water to
reduce water temperatures in the lower Yuba River. The dam is
equipped with a adjustable subsurface intake to enable the YCWA to
control downstream water temperatures.

~.~ Application by YCWA for Davis-Gru~sky Gran~ funding~iDated~.~10~.~" providing temperatures between 4~ .~nd~in~

~c~.~u~.’
~tobe~l,~hro~gh..~arch ~3 ~. O~it,.h-~--~onable,,.~o~...~O. ~inta.~..~a__.
c~st~nt_~emper~t~r~u~f.~52.~ in.~e .~pa~~£~ea .~DWR~I 966 )

~’" ~utual agreement between DF~ YCWA, temperatu~ has be~n
controlled since completion of the project by operating the
facility twice each year: changing to the high level outlet in
April and then to the low level outlet in September (Donn Wilson,
YCWA, per. comm. ~991). This twice yearly operation has reduced
temperatures during the October through March period, but the     ..
temperature goals have not been fully achieved, particularly
during October and early November (Figure 15).

The results of these temperature studies are interpreted with
respect to published literature on water temperature preferences
for fall- and spring-run chinook salmon, steelhead trout, and
American shad. Table 13 summarizes the published information of
Pacific Coast water temperature preferences for these species and
provides a reference point to which lower Yuba River temperature
conditlons may be compared.

Ex~st~n~ Water Temperature

The effects of increased storage capacity and dam operatlons on
water temperature are evident from comparison of lower Yuba River
temperatures near Marysvllle prior to and after construction of
New Bullards Bar Dam. Daily maximum and minimum temperatures near
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Marysville for the period 1963-1969 (prior to operation of the
dam) and for the period 1972-1976 (during operation of the dam}
are shown in Figure 15. The data are incomplete for mid-September
to early October 1974 maximum temperatures, and for early October
1975 minimum temperatures. Increased storage capacity has little
influence on river temperature from mid-December through early
March. However, from early March through mid-June, water
temperatures tend to be increasingly warmer as spring progresses
than they were before New Bullards Bar Dam was constructed. From
early July through mid-December, temperatures are generally cooler
due to operation of the enlarged dam.

Patterns of existing water temperatures in the lower Yuba River
are due to a variety of factors in addition to the temperature of
water released from New Bullards Bar and Englebright dams. These
include: solar heating or cooling in transit to the confluence
with the Feather River, transit time, and diversion rates.

Potential Effects of Existing
Water Temperature on An~rom~ Fishes

Water temperature records at USGS gages below Englebright Dam and
near Marysville were used to assess the potential effects of
post-new Bullards bar dam water temperatures in the lower Yuba
River on fall- and spring-run chinook salmon, steelhead trout and
American shad. The most consistent recent period of record for
these gages is for the 1973 through 1978 water years where the
data were reduced to mean weekly water temperatures to illustrate
general trends. No temperature records are available following
the 1978 water year.

Mean weekly maximum and minimum water temperatures for each water
year are shown in Figure 16. The mean weekly minimum temperature
below Englebright Dam and the mean weekly maximum temperature near
Marysvill~ approximate the range of temperatures in the lower Yuba
River. T~e annual range of mean weekly temperatures varied from
40.1-81.5 F. The 1973, 1976 and 1977 water years were
characterized by higher annual temperatur~ range (40.I-81.5°F)
than were 1973, 1975, and 1978 (41.9-72.5 F). Lower Yuba River
discharges for the 1973 to 1978 water years are contained in
Appendix I.

Fall-Run Chinook Salmon

Warm water temperatures near the confluence of the lower Yuba and
Feather rivers during late September and October could delay
upstream mlgratlon into the Yuba. The likelihood of a delay
increases as temperatures rise above about 57.5~F (Table 13}. In
all years evaluated, water temperatures in the lower river were
near the upper range or exceeded the preferred range during
September (Figure 16). The preferred range was also exceeded
during early October of water years 1975 and 1978. Hence,
upstream ~igratlon could be delayed by as much as 1.5 months in
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these years. Conditions for mlgra~lon azuer m~u-v==~u=~
satisfactory during all years.

Th~ ~re~erred temperature range for spawning (41.0-57.0°F) was
exceeded at Marysville until mid-October in water year 1974, and
early to mid-November during water years 1975, 1977, and 1978
(Table 13, Figure 16).

The preferred water temperature range for egg incubation through
fry emergence is 41.0-57.9~F (TaBle 13). However, Boles et al.
(1988} cites the range 53.0-57.5 F as providing the highest
survival in eggs from Sacramento River chinook salmon (race not
specified). Lower temperatures would reduce the rate of
development and delay hatching, while higher temperatures would
increase metabolism resulting in enhanced demand for dissolved

j.~.
oxygen and removal of carbon dioxide in the redds. Higher
temperatures would also increase susceptibility to disease, and
the incidence of abnormal growth (Boles et al. 1988). During the
incubation period (October through February), water temperatures
generally exceeded the optimum only during the first half of
October (Figure 16). However, in water years 1975, 1977, and 1978
above preferred temperatures occurred as late as early-November.

temperature range for fry rearing indicates that portions ofThe
the river were below optimum during late winter and early spring
of water years 1973, 1975 and 1976 (Table 13, Figure 16). By
early April, water temperatures typically exceed preferred
temperatures for Juvenile rearing in the lower river. By June,
even the water released from Englebright Reservoir exceeded the
preferred range during 1973, 1974, and 1978. Hence, by June there
was not any portion of the river with preferred temDeratures
during these years. These temperatures may cause fry and
juveniles to leave the river soon after However, earlyemergence.
departure from natal rivers apparently is the rule for California

with most fry spending onlychinook,                                    3 to 4 weeks in fresh water
(Moyle 1976}. Chinook salmon Juveniles in the Trinity River a~
spend a limited period rearing before migration downstream, with
most leaving the upper river by June (R. Brown, USFWS, Lewiston,
CA, per. comm. 1990}. This is in spite of.~.~mperatur~s~that are
generally within the preferred range.~ne ~-~aj0r~y"6~
Juvenile chinook emigrate to the Sacramento-San Joaquin estuary
where their peak movement typically occurs in April, May, and June
(Moyle1976;Ed~o~~~and~s~98~. Smallnumbersof
Juveniles spen’~ u~’~o on~-~ar--~--~’~river or estuaries (Moyl
1976}.

Sprlng-mmChlnookSalmon

During spring, cool temperatures attending high flows in the lower
Yuba River in normal to wet years seem unlikely to be stressful to
upstream migrating sprlng-run salmon (Figure 16). However, in dry
years (1976 and 1977 water years), water temperatures near
Marysvillemay be detrimental. More importantly, dry years, low

-~9-
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flows, and high temperatures may block access to the deep pool
holding habitat in the Narrows Reach. Water temperatures in the
area just below the Narrows Powerhouse be assumed to be nearlymay
the same as those measured at the USGS gage below Englebright Dam.
If so, water temperatures in this area were below the preferred
level cited by Moyle (1976) and Bell {1985} of 59.8-77.0 F d~ring
the summer of 1973 to 1978 water years, but exceeded the 60.0~F
cited by Boles et al. (1988) during the summer and early fall of
1973, 1974 and 1975.

Chambers (19~6} reported that spring-run chinook salmon spawn in
40.0 to 55.0~F. This temperature range is a slightly lower
temperature range than for fall-run (Table 13). In addition,
sprlng-run salmon normally spawn a few weeks earlier than
fall-run. However, these llfe history features characterize
spring-run stocks that had access to their ancestral spawning
areas at higher elevations. In these higher elevation habitats,
water temperatures cool earlier than in the lower elevation
habitat used by fall-run stocks. In the lower Yuba River,
Englebrlght Dam and other dams located further upstream have
blocked access to natural spawning habitat, so that the historical
patterns may not characterize current habitat use in the river.

It is assumed that the 40.0 to temperature range for55.0°F
spring-run spawning would be preferred by the Yuba River stock
during fall "(late September through early November} in the upper
portion of the river. Figure 16 shows that for water years
1973-1978 water temperatures in the lower Yuba River regularly
exceeded 55.0 F during most of September, including the area Just
below Englebright Dam where spring-run have been observed to
spawn. In October of water years 1973, 1974, 1976, and 1977,
temperatures in the upper portion of the river were probably
suitable for spawning. In the remaining years, water temperatures
in the upper portion of the river exceeded the preferred range
until late October to early November.

The preferred water temperature range for spring-run salmon egg
incubation is the same as for fall-run (Table 13}. Since the
incubation period is slightly earlier, water temperatures below
Englebrlght generally exceeded the preferred range during
September and October for the water years 1974, 1977, and 1978.

SteelheadTrout

The warm water temperatures in the lower part of the river
generally exceeded the steelhead trout spawning migration
preferred range in September and October (Table 13, Figure 16}.
In so~e years, the preferred range was exceeded even into November
and early December. Warm water created stressful conditions for
fish that did migrate, or delayed upstream mlgratlon until the
water cooled. Upstream migration may not have occurred until
early to mld-November in water years 1974, 1975, and 1976 and as
late as early December to mld-January in 1977 and 1978.

-50-
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From the 1973 through 1978 water years, water temperatures below
Englebright Dam during most of the spawning ~riod (January
through April} were near optimum (Table 13, Figure 16). However,
in most years the mean weekly maximum temperature near Marysville
exceeded the preferred range during much of the spawning period.
The 1977 water year is the most extreme example in which the mean
weekly maximum temperature near Marysville exceeded the preferred
range during February through April.

Water temperatures during the egg incubation and fry emergence
were generally below the preferred range throughout most of the
river, except during May when optimum temperatures were commonly
exceeded (Figure 16}.

Steelhead fry and Juvenile llfe stages rear in the lower Yuba
River throughout the year, and therefore may experience the full
range of temperature conditions that characterize the river.
Generally, mean weekly maximum temperatures exceed preferred
conditions at Marysville beginning in early April to mid-May for
each~year evaluated. The incipient upper lethal temperature is

~75.0~F (Bell 1986). This temperature threshold was exceeded by
the mean weekly maximum in the lower portion of the river from
mid-June to early August in 1973, and from mid-June to early
September in water years 1976 and 1977 (Table 13, Figure 16}.
From Englebright Dam to Marysville, temperature conditions
exceeded the preferred range for each life stage from mid-May to
September during water year 1973, mid-June to October in 1974, and
October and mid-July’to mid-August during 1975.

American Shad

Water temperature is an important habitat characteristic that
partially determines the timing and strength of shad migrations
into the river. The mean weekly maximum temperature near
Marysville provides one measure of the probable effects of
existing water temperature on shad. In water years 1973, 1976,
and 1977, mean weekly maximum temperatures near Marysville were
within the migration preferred temperature range for up to 4
weeks, then rose rapidly to temperatures that may have impaired
migration (Table 13, Figure 16}. The 1974, 1975, and 1978 water
years provided suitable water temperature for longer periods.

In water years 1973, 1976, and 1977, mean weekly maximum
temperatures near Marysville exceeded the preferred range
throughout most of the spawning and incubation period (Table 13,
Figure 16}. The mean weekly minimum temperatures in this location
generally remained within the preferred range. In 1974, 1975, and
1978, water temperatures throughout most of the river were within
the preferred range during the spawning and incubation period.
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in the lower Yuba River. Under existing conditions,
however, few shad in the river during 1976 throughyoung were
1978. The fish observed were confined largely to areas near the
confluence with the Feather River (Mei~z 1979}. The upper range
of suitable water temperatures at 69.8-F was exceeded by the mean
weekly maximum near Marysville during most of the summer rearing
period in water years 1973, 1976, and 1977 (Table 13, Figure 16}.
However, the mean weekly minimum temperature near Marysville was
largely in the preferred range. Painter et al. (1979) showed
Juvenile shad had completed emi~ratlon from the Feather River when
water temperatures reached 59.9 F. In the years being considered,
emigration could have occurred from late June to late September to
early October.

Water Temperature MO~!.inu

SNTEMP was used to model and predict water temperatures for
several meteorological and streamflow conditions in the lower Yuba
River from Englebright Dam to its confluence with the Feather
River at Marysville. The model allows the user to predict
downstream temperatures as affected by changes in upstream
discharges, water temperatures, stream geometry, and shading.

Meteorology

The meteorological data including mean daily air temperature, mean
daily wind speed, percent mean daily relative humidity, and
percent mean daily sunshine, were compiled from records
accumulated at Beale Air Force Base.

Hydrology

Hydrology data, river discharge and water temperature, are
required at major locations in the river system to balance heat
accumulation and dispersal within the temperature model (Theurer
et al. 1984). These significant locations, referred to as nodes,
may also define where there is a known change in stream geometry,
known discharge or thermal information to calibrate or validate
the model, and as model simulation points monitored by the user.
Table 14 contains a list by type and location of the major nodes
used for this study.

Historical discharge data were collected from the USGS at: (I)
Yuba River below Englebright Dam (Station 11418000}, (2} Yuba
River near Mar~sville (Station 11421000}, (3} Deer Creek near
Smartville (Station 11418500), and (4) Dry C.reek near Browns
Valley (Station 11420700}. The first three sites were also
sources for water temperature data. Additional, but limited,
water temperature records were available for the Yuba RAver at
Daguerre Point Dam (Station 11420800}, and for Dry Creek. These
records provided the initial data set for river flow and
temperature at the various nodes within the study area.

!
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Additional temperature data were collected in 1987 to complement I
existing historic data for those areas of the system that had
incomplete information and to aid in calibration and validation of i
the temperature model. Seven locations were sampled. These
are: (I) Deer Creek, 100 ft downstream of USGS Deer Creek gage; ~
(2} the Narrows, Yuba River 6,000 ft downstream of Englebrlght
Dam; (3} Highway 20, Yuba River at Highway 20 Bridge; (4) Dry i
Creek, 100 ft upstream of the confluence with the Yuba River; (5)
Daguerre Point Dam, Yuba River 200 ft upstream of Daguerre Point
Dam; (6) Hallwood, Yuba River 300 ft upstream of Hallwood ~
Boulevard; and (7} Simpson Lane, Yuba River 300 ft downstream of
Simpson Lane bridge crossing. Temperatures were recorded at 20
minute intervals (30 minute intervals at the Narrows} at these
sites using Ryan TempMentor thermographs, i

Table 14. List of major node types, distances, and locations
downstream of Englebright Dam to the confluence with the Feather
River, used in the instream water temperature model of the lower
Yuba River. C~iforni~, 1957.

Type of Distance
..node (km/mi} Location
Structure 0.0/0.0 Englebright Dam
Discharge* 1.9/1.2 Deer Creek confluence
Output and change 3.3/2.0 Mouth of the Narrows
Output and change 9.5/5.9 Highway 20 Bridge
Output and discharge 16.6/10.3 Dry Creek confluence
Output, change and diversion 20.2/12 ~ Daguerre Point Dam
Output 24.5/15~, Yuba Goldfields
Output and validation 28.5/17.7 USGS Gage near Marysville
Output and change ~1.9/19.8 Marysville City Dump site
Change* 32.8/20.4 Backwater-Pool terminus
Output 35.6/22.1 Simpson Lane Bridge
End ~,~/2~,9 F~ather River ~onfluence

* Not a simulation site.

Stream Geometry /7~~ ~-~ r’’~Y~ " ....

Stream geometry and riparian(shading measurements were developed
during the instream flow study. Measurement of average stream
width and riparian vegetation shading were taken during habitat
mapping activities. Elevation, gradient, distance, and
topographic shading were determined from USGS quadrangle maps.
The hydraulic retardance parameter was obtained from data
collected for the Instream flow study.

Mo~el Calibration

Seven years of local meteorological and water temperature data
(1972 through 1978, and 1987) were used to calibrate the water
temperature model. The model was run on daily time intervals to
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achieve maximum use of the available data and to allow for the
best model calibration. Daily values were averaged to
generate monthly values. Individual months of data were analyzed
and calibrated separately. Multiple, iteratlve runs were made to
calibrate the simulated temperatures to the observed data. The
calibration was primarily accomplished by adjusting the wind speed
and air temperature coefficients. These adjustments were made to
account for probable differences between conditions on the Yuba
River and at Beale Air Force Base where the meteorological data
were collected. A global wind speed coefficient of 0.80 was used
for all months, while air temperature coefficients were varied by
month, as follows:

April - 1.120
May - 1.092
June - 1.084
October - 1.127
November - 1.387

These calibration adjustments minimized the mean errors of
prediction to zero for all months, with an average correlation
coefficient of 0.9476, average probable error of 0.69, average
maximum error of 3.88, and average bias of 0.05 (Table 15}.
Sample sizes for each month varied between 150 and 200 daily data
points, depending on the month and completeness of data.

Table 15. List of months and years used for calibration of the
instreamwater temperature model, along with the statistical
measures of model performance.

Mean Probable Maximum
Calibration Correlation e~ror e~ror e~ror

Month Years coefficient (vC} (vC) (-C} Bias

April 1973-1978 0.9195 0.00 0.64 3.32 0.05
May 1973-1978 0.9565 0.00 0.62 3.59 0.05
June 1973-1978

~951~ ~ 00
0.76 4.630.06

October 1973-1977 ~971 ~00 0.85 4.86 0.06
and 1987

November 1972-1977       0.9399 0.00 0.59 3.02 0.04
and 1987

Mean                   0,947~     0,~     0.69     3,~ 0.05

After the individual months were calibrated, months representing
warm, normal, and cool weather conditions were selected for
simulation of the effect of climate on varFing combinations of
flow releases from Dam and diversionsEnglebrlght ne~ Daguerre
Point Dam. The months were chosen by comparing the mean monthly
air temperatures for the months where flow and water temperature
were available to a partial record of the mean monthly air
temperatures at the Marysville Weather Station from 1948 through
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1986, and the long-term (50-year} average. All availaDle years Or
record were ranked by month on a temperature scale using the
average temperature for the month. The months in the frequency
analysis were then chara=terized as warm, normal, and cool years
if they fell in the upper, middle, or lower portions of the scale,
respectively. Representative warm, normal, and cool months from
the years 1972 through 1978 were then selected from the frequency
analysis for simulation (Table 16).

Table 16. List of months and years of data used for simulating
warm, normal, and cool meteorological conditions, lower Yuba
River, C~l.~rn~.

Mgn~ warm Normal ,
April 1977 1978 1975
May 1973 1975 1977
June 1973 1976 1978
October 1976 1977 1975
Nov@m~@; 1975 I~77 1972

Temperature Simulation

April, May, June, and October and November were simulated. The
winter months (December through March) and summer months (July
through September} were not simulated due to limited funding.

Water temperatures were evaluated over a range of flow conditions
above and below Daguerre Point Dam during warm, normal, and cool
weather conditions for the selected months. Flows above Daguerre
Point Dam are largely determined by the releases from Englebright
Dam, flows below Daguerre Point Dam are largely determined by the
magnitude of diversions in the vicinity of the dam. The flows
evaluated include 245/245 cfs (above/below Daguerre Point Dam
with no diversion); 400/400 cfs (no diversion); 745/245 cfs (500
cfs diversion); and 1,245/245 cfs, 1,500/500 cfs, 2,000/1,000 cfs,
and 3,000/2,000 cfs with 1,000 cfs diversion.

~
Starting water temperatures for releases from Englebright
Reservoir were derived from the 1972-~978 mean water temperatures
recorded at the USGS Narrows gage below Englebrlght Dam. The mean
values of observed daily mean water temperatures used in the
simulations for each month were:

Temperature (OF)
Month             Mean      Ra~*

’ ~" ¯ ’0 April - 48.9 46.4-50.0
j J.~ p,~_~P-,- ~ May 53.1 51.4-57.6

.~]~;~ -)-e~#.
June - 57.9 54.5-63.5

, O~tober - 53.1 46.4-59.9
November - 48.9 42.8-55~0

¯ range not used in model
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The maximum temperature change within the range modeled occurs in
a warm June at a fl~w release of 245 cf~, when a starting
temperature of 57.9-F increases to 78.6~F at Marysville (Figures
17-21). The ten simulation points on each curve correspond
to those previously described in Table 14. Minimum change occurs
in a cool November at 3,000 cfs rel~ase and 1,000 cfs d~version,
when a starting temperature of 48.9 F becomes only 50.5-F at
Marysville. The effect of water diversion at Daguerre Point Dam
is most pronounced when either 500 or 1,000 cfs is diverted and
245 cfs passes downstream. Under these release/diversion
conditions, the rate of temperature change increases significantly
and often exceeds the temperature of a constant 400 cfs release
with no diversion, by the time water reaches the Feather River.

Changes have occurred in water temperatures downstream of
Englebright Dam as a result of increased storage capacity and dam
operations following completion of New Bullards Bar Dam. Since
completion of New Bullards Bar Dam, temperatures during early
March through mid-June are warmer, early July through mid-December

temperatures from mid-December through early March.
are generally cooler, and there are little differences in

Potential effects of water temperatures on anadromous fish were
assessed by comparing thermal preferences of each species life
stage to existing temperature in the lower Yuba River during the 6
water years 1973 through 1978.

spite of cooler temperatures during the summer and fallIn
following the completion of New Bullards Bar Dam, temperature
conditions for migrating fall-run chinook salmon at Marysville
were near the upper range or exceeded the preferred range until
after mid-October. Preferred spawning temperatures were exceeded
at Marysville until mid-October 4 out of 6 years and until
mid-November 3 out of 6 years evaluated. For many years, fry
rearing temperatures are below optimum for portions of the river,
while temperatures near Marysville begin to exceed preferred
temperatures for Juvenile rearing in most years by early April,
and by June even water released from Englebright Dam exceeded the
preferred range.

Temperatures for spring-run chinook salmon summer holding were in
the preferred range during the summer of 1972-73 to 1977-78 water
years in the Narrows Reach Just below the Narrows 2 Powerhouse.
During spring migration in dry years, high water temperatures at
Marysville and associated low flows be stressful and hinder
access to the deeper pools of the Narrows Reach. However,
temperatures in the Narrows Reach during most years exceed the
preferred for spawning during September and for 2 of 6 years
during October. Temperatures for egg incubation exceeded the
preferred range during September and October for 3 out of 6 years
evaluated.
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Fl~re 17. Simulated lower Y~a River, Callfo~la, water
temperatures for April weather. The alte~at~ve flow discharges
e~aluated are 245/245 cfs ~d 400/400 cfs (releases at
Englebrlght D~/below Daguerre Point D~} with no diversion;
745/245 cfs with 500 cfs diversion; and ~,245/245 cfs, ~,500/500
cfs, 2,000/~,000, ~d 3,000/2,000 cfs with ~,000 cfs diversion.
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Fibre 18. Simulated lower Y~a River, Califo~ia, water
t~perat~es for May weather. The alte~ative flow discharges
evaluated are 245/245 cfs and 400/400 cfs (releases at
Englebright D~/below Da~erre Point D~} with no diversion;
745/245 cfs with 500 cfs diversion; ~d ~,245/245 cfs, ~,500/500
cfs, 2,000/~,000, ~d 3,000/2,000 cfs with ~,000 cfs diversion.

I
C--066830

(3-066830



P 20,

78 26
~ JUNE W[~TH[~                                           Dt~ (~s)

P 20 ~ ~245/245
oC ~ ~

65    18,
~ 2000/1000

~ 3000/2000

?8 ’ 26

P 20

0 5 I 0 15 20 25 30 35 40

I , , ...’ ,

F1~re 19. Simulated l~er Y~a River, Callfomla, water
t~rat~es for J~e weather. The alte~atlve flow discharges
evaluated are 245/245 cfs and 400/400 cfs (releases at
Englebr~ght D~/below Daguerre Point D~) with no diversion;
745/245 cfs with 500 cfs diversion; and ~,245/245 cfs, ~,500/500
cfs, 2,000/1,000, ~d 3,000/2,000 cfs with 1,000 cfs diversion.
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Fl~re 20. Simulated lower Y~a River, Callfo~la, water
temperatures for October weather. The altemative flow
discharges evaluated are 245/245 cfs ~d 400/400 cfs (releases
at Englebright D~/below Da~erre Point D~) with no diversion;
745/245 cfs with 500 cfs diversion; ~d ~,245/245 cfs, ~,500/500
CfS, 2,000/~,000, and 3,000/2,000 cfs with ~,000 cfs diversion.
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Fi~e 21. Simulated lower Y~a River, Califo~ia, water 1
t~perat~es for Nove~er weather. The alte~ative flow
d~schar~es evaluated are 245/245 cfs ~d 400/400 cfs (releases
at Englebright D~/below Da~erre Point D~} with no diversion;
745/245 cfs wi~ 500 cfs diversion; ~d ~,245/245 cfs, ~,500/500
cfs, 2,000/~,000, ~d 3,000/2,000 cfs with ~,000 cfs diversion.
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The preferred temperatures for steelhead spawning migration were
generally exceeded in the September and October period and were
occasionally exceeded during November and early December. Minimum
temperatures were within the preferred spawning range, however,
maximum temperatures exceeded the preferred range. Egg incubation
temperatures were generally below those preferred. Upper lethal
temperatures for steelhead fry and Juveniles were experienced
during mid-June to September during 3 of the 6 years.

Temperatures preferred by American shad for migration were
suitable for only a brief period (4 weeks or less} for 3 of the
6 years, rapidly rising to temperatures that may impair migration.
For 3 out of 6 years, water temperatures throughout most of the
river were within the preferred range during the spawning and
incubation period. While preferred temperatures for shad fry and
rearing were exceeded during most of the summer period for 3 out
of 6 years.

Water temperature modeling indicates the greatest temperature
change from Englebrlght Dam to Marysville occurs during a warm
June at a flow release of 245 cfs. Minimum change occurs during a
cool November at a 3,000 cfs release from Englebright Dam and
1,000 cfs diversion at Daguerre Point Dam. The effect of water
diversion at Daguerre Point Dam is most pronounced when either 500
or 1,000 cfs is diverted and 245 cfs passes downstream. Under
these conditions, the rate of temperature change increases

~igniflcantly and often exceeds the temperature of a constant 400
cfs release from Englebright Dam, and no diversion, by the time

~.water reaches the Feather River.

In the selection of temperature criteria, the goal is to maximize
habitat conditions for each life stage of fall- and spring-run
chinook salmon, steelhead, and American shad. Because fall- and
spring-run chinook salmon are of value to both the sport and
commercial interests, they are considered of primary importance in
management of the lower Yuba River. Further, management decisions
must be based upon the fact that chinook salmon and steelhead have
the most similar temperature requirements and time of use of the
river while American shad differ greatly in temperature
requirements and times of use of ~he river. ~-~~/5"~"~’~I~’-- -7 -

The primary anadromq~ fish activity in the lower Yuba River from
mid-October through’Market, is chinook salmon and steelhead trout
migration, spawning, egg incubation, and fry rearing. The area
containing the habitat is the Garoia Gravel Pitgreatest spawning
Reach followed by the Da~uerre Point Dam Reach. Water
temperatures not exceeding the daily average of 56.0-F (ChambersI /~I 1956; Rich ,987, in the area from Englebright Dam to Daguerre
Point Dam should provide the ~reatest benefits to spring- and
fall-run chinook salmon during this period. This temperature
criterion is consistent with the Basin Plan (SA} established by
the State Water Resources Control Board for the Sacramento River

~ between Keswick Dam and Hamilton City (RWQCB 1975} and the
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recommendations of the Upper Sacramento River Fisheries and
Riparian Habitat Advisory Council (1989} in its fisheries
management plan for the Sacramento River between Keswick Dam and
Red Bluff Diversion Dam. This will provide a measure of
protection to s~eelhead that prefer cooler temperatures that do
not exceed 52.0 F. Temperature increases downstream of Daguerre
Point Dam should be minimal during this period creating little if
any impacts to the Daguerre_Polnt Dam Reach. Therefore, a daily
average temperature of 57.00F as measured at the Marysville gage
should provide~protectlon to the Daguerre Point Dam Reach
and Simpson Lane

During the period April through June, spring- and fall-run chinook
salmon fry and juvenile rearing and outmigration are nearing
completion, steelhead egg incubation and fry rearing continue,
adult spring-run chinook salmon migration occurs, and American
shad adult migration and spawning and fry rearing occur. The
portion of the river where these activities primarily occur are
found in the Garcia Gravel Pit Reach downstream to Marysville. To

requirements of these variousH~" meet the species and life stages,

average of 60.0OF during April ~nd May and 65.0 F during^June.

i~~ The July through mid-October period provides for the rearing of
4~,~ Juvenile steelhead and American shad fry and juveniles, adult

,~-spring-run chinook salmon holding, and the upstream spawning
migration of fall-run chinook salmon and steelhead begins. To
meet the needs of these activities, the entire lower river is used
during this period. Sprlng-run chinook salmon occupy the Narrows
Reach where temperatures are coolest for summer holding in
preparation for fall spawning. Steelhead rearing occurs from the
Garcla Gravel Pit Reach downstream to Marysville, and American
shad fry and Juvenile rearing occurs from Daguerre Point Dam
downstream to Marysville. Adult fall-run chinook salmon are
entering the Yuba River from the Feather River beginning late
September in preparation for spawning. To meet the various needs
of these life s~ages, temperatures should not exceed the daily
average of 65.0 F at Daguerre Point Dam during July and August and
at the Marysville gage during September. During early to
mld-October, temperatures~at the Marysville gage should not exceed
the daily average of 60.0"F.

~~’~-’~ Daily maximum water temperatures should not exceed the daily
~’.~Javerage temperatures recommended above, by more than 2°F for more

Results of temperature simulations indicate that flows of ~,000,
~/2,000, 1,500, 1,000 and 700 cfs at Mar~sville during a warm April,

/May, June, October, and November, respectively, will meet the
/above temperature criteria depending on diversion amounts at

~ Oaguerre Point Dam.

!
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Additional temperature studies are needed to simulate the summer
months of July through September similar to those completed for
the months of April through June, October, and November. Other
temperature studies should also be conducted on Englebright and
New Bullards Bar reservoirs to develop information on temperature
and water availability and integrate the findings with downstream
evaluations. This additional evaluation should include
simulations using a range of reservoir outlet temperatures from
Englebright Reservoir for all months of concern. The reservoir
cold water temperature studies should be conducted using
reservoir temperature model to: (1} predict the effects of
altered operations on water temperatures downstream,
characterize reservoir elevations drawn upon by the intake
structures, and (3} characterize the volume of cold water present
in these reservoirs available to the intake structures.

I
I

I

I
I
I
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i
~"~ AQUATIC HABITAT AND S~ DISCHARGE RELATIONSHIPS

i Determining aquatic habitat and streamflow relationships are
integral components in assessing fishery habitat needs and

I developing a management plan for the lower Yuba River. The
computer based InstreamFlow Incremental Methodology
(IFIM)/Physical Habitat Simulation (PHABSIM) method (Bovee and
Milhous 1978; Bovee 1982; Milhous et al. 1984} was applied to

I develop information on these relationships. The habitat-flow
relationship developed by IFIM/PHABSIM is demonstrated as an index
called weighted usable area (WUA}. Changes in WUA represent

I __changes in the availability of aquatic habitat. The WUA index is
defined as the total wetted area of a stream reach expressed as an
equivalent surface area of optimal fish habitat (Bovee and Milhous
1978}. Application of IFIM/PHABSIM includes: (I} speciesi composition and distribution identification; (2} selection or
development of species habitat criteria; (3} stratification of the
study area; (4} selection of aquatic habitat types and transects;

I (5} field data acquisition; (6} hydraulic and physical habitat
modeling; and (7} interpretation of mo~llng results.

ADDllcatlon of I~/PHABSIM on the Lower Yuba River
I The IFIM/PHABSIM methodology was applied on the lower Yuba River

to evaluate habltat-stream discharge relationships for chinook

I salmon and steelhead trout. This method was also to be applied to
develop information on Amerlcan shad streamflow-habitat
relationships. However, insufficient information was collected to

i complete the shad analyses.

A combined river segment/habitat mapping approach was used to
apply the IFIM/PHABSIM complex on the lower Yuba River. The river

I was divided into similar segments based on hydraulic conditions,
channel morphology and gradient, geology, water conditions, and
fish species distribution. The type, abundance, and distribution

i of specific macrohabitat types within each river segment was then
assessed andmapped. The hydraulic and physical characteristics
of these habitat types were sampled and used to model the lower
Yuba River’s habitat-streamflow relationships. The IFG4 and Water

i Surface Profile models within the overall IFIM framework wereused
to develop a model of the hydraulic and physical characteristics.
The resultant characteristics model and habitat criteria

I information included in the criteria sectlon were combined through
PHABSIM to develop information on species llfe stage
habitat-dlschar~e relationships. This information was then used
to develop flow regimes which would optimize each species habitat.

I The lower Yuba River was divided into four segments. These are:

I 1} Narrows Reach: Extending from Englebrlght Dam to the
downstream terminus of the Narrows, this reach consists
of 11,400 ft of river with steep-walled canyon

-~-
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topography, dominated by deep pools, and bedrock and
large boulder substrate. Of the four river sections
this reach has the highest gradient. The dominance of
the deep pools makes this reach an important site for
spring-run chinook salmon holding during late-spring,
summer, and fall. This reach is relatively unimportant
for spawning or rearing fall-run chinook.

2} Garcia Gravel Pit Reach: This reach consists of 56,400
ft of the lower Yuba River from the Narrows downstream
to Daguerre Point Dam. It is typified by repeating
segments of long, deep pools, shallow pools, run/glide,
and long low-gradient riffles. Substrate composition is
primarily a combination of boulders, cobbles, and gravel
and is highly suited for spawning chinook salmon. The
river banks are often composed of placer mining tailings
30 to 50 ft high. Occasional side channels, which are
frequently dry, cut in and out of the main channel.
Some riparian vegetation exists but in most cases it is
too far to shade the river.away

3) Daguerre Point Dam Reach: This 41,400-ft reach extends
from Daguerre Point Dam to the upstream terminus of the
backwater influence of the Feather River. The
characteristics of the stream are similar to the Garcla
Gravel Pit Reach, except there are fewer riffles and
more pools. This reaches’ riverine morphology, habitat
sequence, substrate composition, and riparian habitat
are also similar to that of the Garcia Reach. This
reach has good spawning and rearing potential for
chinook salmon, and for American shad spawning and early
life stages.

4) Simpson Lane Reach: Beginning at the upstream end of
the Feather River backwater and extending to the
confluence with the Feather River, this 18,500-ft reach
is a low gradient and low velocity stretch of the Yuba
River. It is characterized by deep pool habitat subject
to the backwater influence of the Feather River. Steep
river banks, man-made levees, and a tall riparian
corridor on each bank typify this portion of the river.
The substrate is hardpan, bedrock, or sand, and has
limited potential for chinook spawning but is known to
provide rearing for Juvenile American shad.

Habitat Mapping

The habitat mapping approach was used to determine the type,
abundance, and distribution of macrohabltats available within each
of the four study segments described above. Representatives of

type were subsequent sampling. Theeach macrohabitat selected for
measured microhabitat information was used to model and predict

-~-
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I

habitat availability at different flows. This information was
expanded with respect to the proportional availability of each

I specific macrohabitat to represent the lower Yuba River. A
preliminary review indicated that lower Yuba River macrohabitats
typically fell within five major categories. These are:

I                  1}    Low Gradient Riffle: These riffles are low gradient
(0-2%} and contain little or no white-water, but have a
fairly uniform choppy water surface. Mean column

I velocity generally exceeds 2 ft/s and depth is generall7
less than 2 ft.

i 2} Moderate Gradient Riffle: These riffles generally have
a moderate or high gradient (>3%}, usually contain
white-water, standing waves, and/or possibly a series of
waterfalls.

I                  3}    Run/Gllde: Run/gllde habitats are generally deeper and
of lower gradient than low gradient riffle. They

I typically have a fairly smooth water surface and a mean
column velocity generally in excess of 2 ft/s.

4} Shallow Pool: These pools are less than 4 ft deep
I with a mean column velocity less than 2 ft/s.

5} Deep Pool: Deep pools are deeper than 4 ft and have a

I mean column velocity less than 2 ft/s.

The entire study area was traversed by foot or kayak, and

i
macrohabitat occurrence and length were determined. The
proportional abundance of each macrohabltat type within intervals
of 100 ft was developed from this information. Discharge above
Daguerre Point Dam was 634, 735 and 623 cfs on October 22, 23, and

I 24, 1986, respectively, when the river was mapped. Below Daguerre
Point Dam, flows for the respective days were 425 to 482 cfs.
Results of habitat mapping for each reach of the study area are

i presented in Table 17. The Narrows Reach is composed almost
entirely of deep pool (77%}. Run/glide habitat (48%) dominates
the Garcia Gravel Pit Reach, followed by low gradient riffle
(24%}, deep pool (15%}, and shallow pool (13%}. The Daguerre

I ! Point Dam Reach is also mostly run/glide habitat (41%), but --
contains relatively more deep (21%} and shallow pool (23%} than
the Garcia Gravel Pit Reach. The Simpson Lane Reach habitat is

- i! dominated by deep pool (72%}, with lower amounts of shallow pool
(15%), run/gllde (11%), and low gradlent riffle (2%).

. Transect Select!on
~ Transects for sampllng water depth and velocities, substrate

composition, and fish cover characteristics within macrohabitats
were subjectlvel¥ asslgnea to each of the four study reaches in
proportion ~ the habitat types present in each reach. Transects
were ~round-truthed and placed on January 20 and March 12, 13, and
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23, 1987. Six transects were placed in the Narrows Reach, nine in
the Garcia Gravel Pit Reach, seven in the Daguerre Point Dam
Reach, and nine in the Simpson Lane Reach, for a total of 31
transects (Table 17). Special effort was made in low gradient
riffle and run/glide habitat types to transect areas where chinook
salmon had been observed spawning or where evidence of redds was
still present. Remaining transects were placed where they would
best characterize the type of "    - macro and macrohabltat they
represented. Only deep pool habitat was represented by transects
in the Narrows Reach since no other habitat type comprised greater
than 10% of the reach.

Table 17. Habitat categories, distances, and number of transects
in the lower Yu~ River. California. study area by study reach.

Macrohabitat               Distance     Number of
Study re~h           cateq~r7                  (f~}       tr~n~ect~

Narrows          Low Gradient Riffle*          950
Moderate Gradient Riffle* 650            0
Run/Glide*                     925            0
Shallow Pool*                  100            0
Deep Pool                    8.775

Total                           11,400             6

Garcia          Low Gradient Riffle       13,625
Gravel Pit      Run/Glide                    26,825

Shallow Pool              7,400
Deep Pool                   8.550

Total                          56,400             9

Daguerre        Low Gradient Riffle        6,175
Point Dam       Run/Glide                     17,075

Shallow Pool                 9,375 2
Deep Pool                     8.775

Total                        41,400

Simpson Low Gradient Riffle           400
Lane Run/Glide                     2,100

Shallow Pool
Deep Pool                                   J

Tot~l                    18.50~

Grand ~otal                                 1~7,7~

* No transects were placed to represent these habitat types since
they comprised a small portion of the total reach.
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Data Collection

I Water depths and mean column velocities were measured at each
transect following the guidelines of Trihey and Wegner (1981} and
Milhous et al. (1984) (Table 18). A minimum of 20 wetted stations

I per transect was established. The boundaries of each station
along each transect were normally at even increments, but
significant changes in water depth, velocity, substrate, or other
important stream habitat features occasionally required additional

I           stationing.

Total water depth was measured to the nearest 0.05 ft with a
I t op-setting wading rod. Mean column velocity was measured 0.6 of

the distance from the surface in depths less than 2.5 ft. In
water between 2.5 and 4.0 ft deep, water velocities were measured

I at 0.2 and 0.8 of the total water depth and averaged to obtain
mean column velocity (Buchanan and Somers 1969). Velocities at
0.2, 0.6, and 0.8 were measured and averaged in depths greater
than 4.0 ft, or where the velocity distribution in the water

I column was inconsistent. A top-setting wading rod was used in
water up to 6.0 ft deep. In depths greater than 6.0 ft, a boat,
boom and sounding weight were used to lower the velocity meter to

I t he proper depth. In deep pools where the majority of depths were
greater than 6.0 ft, only. bottom profile and water surface

Table 18. Streamflows measured by study reach and tzansect for
instream flow computer model calibration, lower Yuba River,
Callf~;ni~,..

Study reach    Transect      F10w levels (cfs)      Data tVD~
~_~l~Narrows Transects I-4     1,035/640/265 Stage and discharge

Transects 5-6     1,030/615/255 Stage and discharge

Garcla        Transects I-5     1,035/640/265 Depth and velocity
Gravel Pit Transects 6-8     1,035/640/265 Stage and discharge

Transect 9        1,035/640/265 Depth and velocity

Daguerre     Transects I-6       630/218/180 Depth and velocity
Point Dam                                1,054/35 Stage and discharge

Transect 7          630/218/180 Stage and discharge
1,054/35 Stage and discharge

~2/~Simpson      Transects I-5      830/300/197 Depth and velocity
Lane                                      1,027/84 Stage and discharge

Transects 6-9       830/300/197 Stage and discharge
1.027/~4 ~t~q~ ~d discharge
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elevation data were collected. Mechanical, rotating-cup Price AA
and Montedoro-Whitney PVM-2A electromagnetic water velocity meters
were used to measure velocities.

Measurements required to calibrate the instream flow computer
models were made from March through August, 1987. Water depths
and velocities were measured at stations along each transect in
all non-deep pool habitats at three stream discharges. River
stage and discharge were measured at all transects at the three
stream discharges. Additional river stage and discharge
measurements were taken at Daguerre Point Dam and Simpson Lane to
extend the data extrapolation range for these study reaches.
Additional stage-discharge data were not collected above Daguerre
Point Dam because the high flows upstream were high enough to
cover the flow of interest. Lower flow measurementsupper range
upstream of Daguerre Point Dam were not possible due to high
releases. However, these measurements were not needed to cover
the lower flow range of interest.

Data Analysis

option of the IFG4 was employedThe one-flow model to simulate
depths and velocities at those transects where station water
depths and velocities were measured. Data from the highest
discharge measured were specified as the starting calibration data
set. The IFG4 no-velocity option was used on the deep pool
transects where station velocities were not measured due to depth
and very low water velocities. With this option, deep pool
velocities are simulated by allowing the model to distribute
discharge across all cells on the basis of depth and a specified
Manning, s N value. Calibration modifications were limited to a
few shallow edge cells that were allowed to "float" with a zero
specified velocity, a change which gives more accurate results
over a range of flows.

The Narrows, Daguerre Point Dam, and Simpson Lane reach data sets
were analyzed with five-point stage-discharge rating curves and
water surface elevation data taken from the program WSEI4S,
without the mass-balance option of IFG4. The Garcia Gravel Pit
Reach data set was analyzed with internal three-polnt
stage-discharge rating curves with the mass-balance IFG4 option.
Mean errors of the transect rating curves were all within the
acceptable value of 10% or less and most were 5% or less.

The velocity adjustment factors (~ndlcators of simulation quality
and acceptable of extrapolation} for all flows simulatedrange
were within standard one-flow limits of 0.1 to 10.0. Total range
of flows simulated for the Daguerre Point Dam and the Simpson Lane
study reaches were 50 cfs to 2,500 cfs. Stage rating data could
not be extrapolated to 50 cfs for those transects above Daguerre
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Point Dam. Thus, the range of simulated flow for reaches upstream
of Daguerre Point Dam, and the total lower river is limited to
between 100 and 2,500 cfs. C,;~~.~- ~ ~v.~i~.c~/..~~ ~

Transect Weighting and Analysis I

Results from each of the 31 transects (in WUA per 1,000 ft of
stream) were compiled into macrohabitat, reach, and river totals.
Weighting factors for expansion of transect data were derived from
the linear distance of the habitat types measured within each of
the four reaches. Total length of each macrohabitat type within
each reach was divided by the number of transects placed in each
habitat type. These factors were used to expand transect WUA
information to estimate macrohabitat and then reach WUA. Total
WUA for the entire river was generated by summing the results from
the four reaches, thereby incorporating the length of river they
each represent (i.e., 8,775 ft for the Narrows, 56,400 ft for
Garcla Gravel Pit, 41,400 ft for Daguerre Point Dam, and 18,500 ft
for the Simpson Lane reach). The results of these compilations
are contained in Appendix II for chinook salmon and Appendix III
for steelhead trout.

Fall- and Spring-RunChlnook Salmon

Spring-run chinook salmon were not modeled specifically, however,
the results of studies of Yuba River fall-run chinook salmon are
assumed to apply an~__~t~r_meet ~he.~e~~ba River

The WUA in~ices generated by the analyses indicate that the
greatest amount of chinook salmon fry habitat is available in the
lower Yuba River at a flow of 100 cfs (Figure 22}. The flow
providing the most habitat for chinook juveniles is between 150
and 200 cfs. Five hundred to 700 cfs provides the greatest amount
of WUA for spawning salmon.

Separation of thecomponents that create the total river WUA show
the contribution of each study reach and habitat type. Chinook
salmon fry WUA by study reach illustrates that the peak at 100 cfs
is consistent in the Garcia Gravel Pit, the Daguerre Point Dam,
and the Simpson Lane reaches while the value is highest at 300-cfs
in the Narrows Reach (Figure 23~     For each of the habitat types,
WUA peaks at 100 cfs (Figure 23 ~

Chinook salmon Juvenile WUA is most abundant near 200 cfs in the
Daguerre Point Dam and Simpson Lane reaches and stays at about the
same level between 100 and 350 cfs in the Garcia Gravel Pit Reach
(Figure 24). Separation into habitat type shows that run/gllde
has the h~ghest Juvenile WUA at a flow of 200 cfs (Figure 24}.

WUA for spawning chinook salmon shows somewhat more variation in
response to changes in reach than fry or Juvenile WUA. In the
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Garcia Gravel Pit and Simpson Lane reaches, the peak in WUA occurs

i at 700 cfs but the WUA peaks at 450-500 cfs in the Daguerre Point
Dam Reach~ .Figure 25). Spawning WUA peaks at 400 cfs in low
gradient riffles, at 700 cfs in run/glides, at 900 cfs in shallow
pools, and is barely present in deep pools (Figure 25}.

I Most WUA for all chinook salmon life stages is found in the Garcia
Gravel Pit and the Daguerre Point Dam reaches. Comparing these

I two reaches, the Garcia Gravel Pit reach provides the most WUA for
the juvenile and spawning life stages while the two reaches
provide roughly comparable amounts of fry habitat.

I Steelhead Trout

The greatest amount of steelhead fry WUA in the lower Yuba River

I occurs between 100 and 200 cfs (Figure 26). For steelhead
juveniles, the flows providing the most habitat range from 200 to
350 cfs. Six-hundred to 800 cfs provides the greatest amount of
WUA for spawning steelhead.

0 400 800 1200 1800 20~ 2400

I D~scharge (~s)
¯ , Spawn~g ÷ Fry ~ Juven~

I
Figure 22. Chinook salmon spawning, fry, and Juvenile WUA/stream

discharge relationships in the lower Yuba River, California.
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riffle (Rill), ~/~lide (R/G), shallow pool (SP), and deep pool
(DP) habitat t~es zn ~e lower Yuba River, California.
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’ Figure 25. Chinook salmon spawning WUA/stream discharge
I relatioships for the Simpson Lane (Simp), Daguerre Point Dam

(Dagu), Garcia Gravel Pit (Garc), and Narrows (Narr) study
reaches, and for the riffle (Riff), run/glide (R/G), shallow

i ~......, pool (SP), and deep pool (DP) habitat types in the lower Yuba
RAver, California. -75-
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Figure 26. Steelhead trout spawning, fry, and Juvenile WUA/stream
discharge relationships in the lower Yuba River, California.

Separation of the components that create the river total WUA show

I the contribution to the total of each study reach and habitat
type. Peak steelhead fry WUA occurs at 100 cfs in the Garcia
Gravel Pit Reach, 150 cfs in the Daguerre Point Dam Reach, and 250
to 500 in the Simpson Lane Reach (Figure 27}. The most steelhead

I fry habitat occurs at 900 to 2,000 cfs in the Narrows Reach.
Run/glide habitat provides the majority of habitat, and WUA peaked
at 100 to 200 cfs in this habitat type (Figure 27). Deep pools

I provide the least amount of fry habitat.

Juvenile steelhead WUA is greatest at 200 to 450 cfs in the Garcia

i
Gravel Pit and Daguerre Point Dam reaches (Figure 28). The
majority of Juvenile steelhead habitat in the lower Yuba River is
found in these two reaches. Run/glide habitat has the highest
Juvenile WUA at a flow of 250 to 450 cfs (Figure 28}. Run/gllde

I and shallow pool habitat types comprised the majority of the
Juvenile WUA. Deep pools and riffles comprised the least amount
of the WUA.

I WUA for spawning steelhead peaks at 700 to 800 cfs in the Garcla
Gravel Pit Reach, 450 to 500 cfs in the Daguerre Point Dam Reach,
and 600 to 900 cfs in the Simpson Lane Reach (Figure 29}. No

I spawning habitat is available at any flow in the Narrows Reach.
Run/glide habitat provides substantially more spawning than do the
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Figuze 27. Steelhead trout fz3r N!:;A/strea= discharge relationships
for the Si~.pson ~ne (Si=p), Daguerre Point Da= (Dacj~), Garcia
Gravel Pit (Garc), and Narrows (Narr)study        reaches, and for the
riffle (Riff), run/~lid.e (.R/G), shallow pool (SP), and deep pool
(DP) habitat types zn rne lower Yuba River, California.
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reaches, and for ~he riffle (Rill), ~n/glide (R/G), shallow
pool (SP), and deep pool (DP) habitat t~es in ~e lower Y~aI ~’
River, California.
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i ’. Figure 29. Steelhead trout spawning WUA/stream discharge
relationships for the Simpson I~ne (Simp), Dag~erre Point Dam
(Dagu), Garcia Gravel Pit (Garc), and Narrows (Narr) study
reaches, and for the riffle (Riff), run/glide (R/G), shallow
pool (SP), and deep pool (DP) habitat types in the lower Yuba
River, California.
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other habitat types (Figure 29). Run/glide habitat provided the
greatest habitat at a flow of 600 to 800 cfs.

Separating the lower Yuba River into reaches with all
macrohabitats combined indicates that for all life stages of
steelhead trout, the greatest WUA is found in the Garcia Gravel
Pit and Daguerre Point Dam reaches. Of the two reaches, the
Garcia Gravel Pit reach provides the most WUA for all stages,
particularly for spawning.

American Shad

American shad life stage WUA/discharge relationships were not
modeled since habitat criteria adequate for use in the Instream
Flow Model were not developed from observations of lower Yuba
River shad. Site-specific habitat criteria should be developed,
and an IFIM study should be conducted to quantify the changes in

IV~’~_~shad life stage WUA over a broad range of flows. Key life stages
~are adult (migration and spawning), egg and larvae, and juvenile.

Results of these subsequent investigations should be used to
analyze flow needs and to develop recommendations to protect and
enhance the American shad fishery of the Yuba River.

Until the above studies are completed, instream needs
recommendations must be based on current understanding of American
shad habitat needs.

Studies by Painter et al. (1979) indicate American shad spawning
for the first time enter the mainstem Sacramento River and its
tributaries in proportion to the outflow from that river or
tributary during April, May, and June. Results of studies of t~e~
Yuba River American shad sport fishery angler catch rate (Meinz
1981) and analysis of Yuba River flows (Appendix I) indicate a
greater shad population with increased flow over the years
1976-1978. Based upon the present understanding of American shad,
flows of 1,000, 2,000, and 1,500 cfs during April, May, and June,
respectively, should be adequate to attract adult fish, and
maintain suitable~wning and American shad fishery conditions in
the lower Yuba

Furthe~to promote shad spawning success and shad angler success,
daily flow fluctuations during May and June should be minimized.
Unpublished data from studies by DFG indicate that spawning
intensity, measured by egg abundance, increases or decreases in
the direction of the te3n~ar~re change. This response to
temperature change is~el~eve.~to impact the catchabillt¥ of shad
as well. Since changes-i~’s~reamflow affect water temperature,
particularly downstream of Daguerre Point Dam, flow fluctuations
should not exceed 200 and 150 cfs on a weekly basis during May and
June, respectively.
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Chinook salmon and steelhead life stage WUA/streamflow indices for
the lower Yuba River are similar. However, the indices suggest
that chinook salmon require somewhat less streamflow than do
comparable steelhead life stages. Chinook salmon spawning, fry,
and juvenile habitats are maximized at 500 to 700, 100, and 150 to
200 cfs, respectively. Steelhead life stage habitats,
on-the-other-hand, are maximized at 600 to 800, 100 to 200, and
200 to 350 cfs, respectively.

Run/glide habitat provides the most WUA for all salmon and
steelhead life stages. It is also the most abundant macrohabitat
type in the study area consisting of 37% of the lower Yuba River.
The greatest concentration of this habitat is within the Garcia
Gravel Pit and Daguerre Point Dam reaches where 94% of the river’s
habitat is found in these two reaches. The Garcia Gravel Pit
Reach contains substantially more run/glide habitat (26,825 ft)
than does the Daguerre Point Dam Reach (17,075 ft).

Evaluation of the chinook salmon and steelhead WUA/streamflow
indices for the lower Yuba River, river sections, and species
periodicities, provide insight into streamflows which benefit
these anadromous species. The primary salmon and steelhead
activities from mid-October through March are upstream migration,
spawning, and egg incubation. The Garcia Gravel Pit and Daguerre
Point Dam reaches provide nearly all of the spawning habitat in
the lower Yuba River. A flow of about 700 cfs at the MarysvilleL~o~s~
gage maximizes spawning habitat in the Garcia Gravel Pit Reach.
Although spawning habitat maximizes at 400 to 500 cfs in the
Daguerre Point Dam Reach, 700 cfs does not substantially reduce
the amount of spawning habitat available. In addition, 700 cfs
would facilitate upstream migration of adult fall-run chinook
salmon and steelhead. Since spring-run chinook salmon enter the
raver from March through July, flows in the river during that
period would affect their upstream movements.

During some years, irrigation demands may extend through October.
Consequently, if 700 cfs is maintained downstream of Daguerre
Point Dam, flows upstream in the Garcia Gravel Pit ~each could be~
as high as ~,785 cfs. Flows of this magnitude adversely affect
available spawning habitat. However, since October is early in
the chinook spawning period, and before steelhead begin to spawn,
adverse effects on overall spawning success should be minimized.

.Maintaining 700 cfs in the river throughout the spawning and
incubation periods would prevent dewatering of redds and/or
stranding of young chinook salmon and steelhead. In addition,
~alntainlng at least 700 cfs during the juvenile chinook salmon
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and steelhead outmigration period (April through June} would
facilitate their downstream movement. Although 700 cfs would
benefit salmon and steelhead spawning, incubation, and emigration
llfe stages, maintaining 700 cfs in the river from approximately
mid-October through June each year would reduce the amount of
habitat available for chinook salmon and steelhead fr~ and
Juveniles.

Once young salmon and steelhead have emigrated (late June),
maintaining approximately 300 cfs in the river would benefit
Juvenile steelhead. Flows in this range, however, could adversely
affect sprlng-run chinook salmon upstream migration.

Virtually no information regarding American shad life stage
streamflow needs were developed during this investigation.
However, available information provides insight into shad instream
needs in_the lower Yuba River. Suitable conditions are needed

-~u~ing ~~to attract adult migrating shad. Evaluation of
America~st~ad occurrence and distribution, and angler effort and
catch information suggest that a streamflow of 1,000 cfs at the
Marysville gage during April; 2,000 cfs during May; and 1,500 cfs
during June would provide suitable attraction, migration,
spawning, and shad recreational fishery flows. No information is
available pertaining to streamflows which may benefit American
shad rearing and emigration needs.

Integrating chinook salmon, steelhead, and American shad
streamflow/habitat relationships on the lower Yuba River is
necessary to develop a flow regime which balances species life
stage needs. Habitat needs vary with time of year and life stage.
Chinook salmon and steelhead primary activities from mid-October
through March are adult migration, spawning, egg incubation, and
fry rearing. March through mid-October primary activities are
adult migration, spawning, egg incubation, and fry rearing during
April, May, and June.

Seven-hundred cfs in the lower Yuba River from mid-October through
March would provide good conditions for salmon and steelhead
adult, migration, and spawning. Maintaining this flow would
ensure that redds would not be dewatered, and that young salmonids
would not be stranded. Flows of this magnitude would reduce
salmonid fry and Juvenile habitat. However, this reduction in
habitat is not considered slgnifican~. On-the-other-hand, 700 cfs
flow would benefit early outmigrant ~venile spring-run chinook

One-thousand, 2,000, and 1,500 cfs at the Marysville gage in
April, May, and June, respectively, would provide suitable
conditions for continued spring-run salmon smolt emigration and
suitable conditions for fall-run salmon and steelhead smolt
emigration. Further, the flows would prevent salmonid redd
dewatering and young fish stranding. They would also provide
acceptable adult sprlng-run chinook salmon attraction and
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migration flows as well as American shad attraction, migration,
and spawning flows. In addition, these flows would provide
suitable shad angling conditions.

Flows ranging from 1,000 to 2,000 cfs during April, May, and June
would reduce the amount of fry and Juvenile salmonid physical
habitat which would be available at lower flows. Flows of this
magnitude, however, are n_ecessar~ to ensure meeting other species

degraded condition, habitat modification programs could redevelop ~
i~ ~__ llfe stage needs. Further, in~iew of the lower Yuba River’s

fry and Juvenile habitats at th~se flows.

Two-hundred-flfty to 450 cfs at the Marysville gage during July~
through mid-October would provide good young steelhead~n~ Shad_~
rearing conditions. Flows upstream of Daguerre Point Dam coul~
range up to 1,535 cfs during this period, but the impacus on young
steelhead and shad should not be significant. Further, these
impacts could be ameliorated by redeveloping Juvenile steelhead
physical habitat upstream of Daguerre Point Dam.

!
!
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WATER QUALITY CONDITIONS

Man’s activities have historically adversely affected the quality
of water in the lower Yuba River. Investigations were conducted
to: I) identify and locate known point source discharges within
and upstream of the study area, 2} evaluate water quality
characteristics, and 3) determine the potential solutions to any
identified water quality problems.

Existing water quality data were collected and analyzed for the
Yuba River from New Bullards Bar Dam downstream to the confluence
with the Feather River. Information from the following sources
was used to describe water quality dating from 1950: published
and in-house agency reports; STORET data bank; WATSTORE data bank;
and selected agency files and personal communications of the DFG,
California Regional Water Quality Control Board (RWQCB),
California Water Resources Control Board (CWRCB}, U.S.
Environmental Protection Agency (USEPA}, U.S. Fish and Wildlife
Service (USFWS), and U.S. Army Corps of Engineers (USACOE). This
water quality data is contained in Appendix IV. Water quality
sampling sites are found in Figure 2.

With the exceptions of the urbanized area near the Yuba River at
Marysville and the Yuba Goldfields, land use along both banks of
the river within the study area is primarily agricultural. No
active hydraulic mining in the Yuba River within the Yuba
Goldfields is permitted.

Point Discharue~

No point discharges (sewer treatment plant outfalls, industrial
discharges, agricultural return flows} that require National
Pollution Discharge Elimination Systems (NPDES) permits empty
directly into the lower Yuba River. However, NPDES permits have
been issued for two point discharges located on Deer Creek.
Dischargers of treated domestic wastewater into Deer Creek, a
tributary entering the lower Yuba River Just downstream of
Englebright Dam, include the City of Nevada City and the Nevada
County Sanitation District No. 3 (Lake Wildwood} (Figures ~ and
2}. A third, provisional NPDES permit was issued in 1984 for
discharge of domestic wastewater from a proposed tertiary
treatment facility into Sanford Creek, another tributary near
Smartville. This waste treatment facility, part of a 199-unit
development supervised by the Hammonton Golden Village Homeowner’s
Association, has yet to discharge effluent into Sanford Creek.

Monthly monitoring reports submitted to the RWQCB by Nevada City
and Nevada County Sanitation District include measurements of
effluent volume, biochemical oxygen demand, suspended matter,
settleable matter, specific conductivity, pH, total coliforms, and
residual chlorine at the Point discharge site. Review of these
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and other records indicate that no adverse effects on water
quality from these dischargers are evident in the lower Yuba
River.

The management of Lake Wildwood by the Lake Wildwood Homeowners
Association does create water quality problems in the Yuba River.
The lake is drawn down each year for maintenance and removal of
accumulated sediments. This activity often results in discharge
of sediments to and increased turbidity in Deer Creek and the
lower Yuba River. The fishery in Deer Creek below Lake Wildwood
has been adversely impacted due to the discharge of effluent
and/or sediment discharge, reduced flows and increased water
temperatures (John Hiscox, DFG, per. comm., 1989). This siltation
may adversely affect aquatic organisms and reduce available
spawning habitat due to sediment deposition. Presently,
facilities are being developed to prevent the sediments from
reaching Deer Creek and the lower Yuba River.

Non-Polnt Discharges

The existing water quality character of the lower Yuba River is
determined by non-point sources, including runoff from adjacent
lands and groundwater accretion. With the exception of streams
tributary to the lower Yuba River, all potential sources of water
pollution that do not originate from a point source are considered
to be non-point discharges.

General Water Quallty Characteristics
of the Lower YubaRiver

The water quality parameters included in Table 19 are commonly
used to describe the general water quality of natural waters.
Water temperature is discussed in a separate section.

Table 19. List of parameters commonly used to describe general
water ~ualitv conditi~n~,

Dissolved Oxygen Magnesium Bicarbonate
pH Sodium Nitrate
Total Dissolved Solids Potassium Nitrite
Conductivity Chloride Total Alkalinity._
Turbidity Sulfate Total Phosphorus
Calcium Carbonate Total Hardness
Chemical Oxygen Demand Ammonia Water Temperature
B~oc~cal Q~v~en Demand

The data evaluated during this study indicate that the general
water quallty of the lower Yuba River is quite good. Dissolved
oxygen concentrations are high and near ideal for supporting
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salmonids. Total dissolved solids, pH, hardness, alkalinity, and
turbidity are well within acceptable and even preferred ranges for
salmonids and other key freshwater biota. Despite extensive
surrounding agricultural land use, nutrients (i.e., phosphorus,
nitrogen) are generally below concentrations considered promotive
of algal growth and other common symptoms of enrichment. Ammonia
has consistently been well below levels considered harmful to
salmonids.

Inorganic Elements

Arsenic, nickel, selenium, and iron have been detected in the
lower Yuba River, but in quantities well below the USEPA (1986)
acute or chronic freshwater criteria. No criteria are specified
by the USEPA (1986} for aluminum, barium, boron, and manganese.
However, concentrations of these elements have been at or below

for natural freshwaters and well below toxic levels.average
Concentrations that exceed the USEPA (1986) criteria or which are
otherwise considered unsafe or harmful to freshwater biota have
been measured for cadmium, copper, lead, mercury, and zinc.
However, such concentrations occurred infrequently and were
probably in a less toxic complex form or particulate form. In
addition, the consistent detection of mercury in sediment and
tissue samples verifies the continuing presence of historical gold
processing by-products.

Other Substances or Compounds

This category refers to a variety of inorganic and organic
constituents which are typically not found in natural waters and,
if found, indicate contamination from man-made chemicals. If
present, these substances typically are found in small amounts,
but in many cases are highly toxic.

Samples for substances or compounds, such as cyanide, chloroform,
pesticides, petroleum hydrocarbons, and polychlorinated biphenyls
(PCBs}, have been taken in the lower Yuba River. Cyanide,
chloroform, and petroleum hydrocarbons have not been detected.
With the exception of DDT, DDE, and DDD, and PCBs, no pesticides
or other chlorinated organics were found in detectable quantities
in water, fish tissue, or sediment samples. The detection of DDT,
DDE, DDD, and PCBs in fish tissue samples is consistent with the
fact that extremely high bloaccumulation can occur even with low
or undetectable levels of DDT or PCBs in water or sediments. The
presence of DDT (and some of its metabolites) and PCBs in fish
tissues has also been detected in other California drainages with
a history of appreciable agricultural runoff (LaCaro eL al. 1981),
and anon-going monitoring program has been implemented (CWRCB
1987). DDT has been banned since 1972, and PCBs have been highly
restricted since 1979. As a result, levels of DDT and PCBs in the
environment have steadily decreased. However, both are expected
to remain as detectable fish tissue contaminants for many years
because of their persistence and movement in the environment
(LaCaro et al. 1981}.
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NO point discharges (sewer treatment plant outfalls, industrial
discharges, agricultural return flows, etc.) that require NPDES
permits empty directly into the lower Yuba River. Discharges of
treated domestic wastewater into Sanford Creek and Deer Creek,
tributaries of the lower Yuba River, do not appear to have adverse
effects on water quality of the lower Yuba River, but, the Deer
Creek fishery has been adversely impacted. Maintenance at Lake
Wildwood has created sediment discharges in the past. However,
facilltles are being developed to prevent the sediments from
reaching Deer Creek and the lower Yuba River.

Analysis of dissolved oxygen concentrations, total dissolved
solids, pH, hardness, alkalinity, and turbidlt~ indicate that the
general water quality of the lower Yuba River is quite good and
well within acceptable ranges for salmonids and other key
freshwater biota. Nutrients, such as phosphorus and nitrogen, are
generally below concentrations considered promotive of algal
growth. Ammonia has consistently been well below levels
considered harmful to salmonids.

Concentrations of minor or trace elements that exceed the USEPA
(1986} criteria or which are otherwise considered unsafe or
harmful to freshwater biota have been measured for cadmium,
copper, lead, mercury and zinc. Such concentrations occur
infrequently.

Detectable concentrations of DDT, DDE, and DDD, and PCBs have been
found in water, fish tissue, or sediment samples but the
concentrations have not been considered unsafe or harmful to
freshwater biota.

Water quality of the lower Yuba River is good and it does not
appear problems will develop in the near future, however, the
following water quality criteria are recommended to be achieved in
receiving waters below Englebright Dam and Daquerre Point Dam as
follows:

I) Dissolved oxygen not less than 7.0 ppm .....

~"     2) The pH not to exceed the range of 5.5 to 8.5.

3) NO dlscharge of heavy metal or other constltuents which
¢ause chronic or acute toxicity to any life stage of the
aquatic resources.

4} No discharge of turbid water or water containing
settleable solids in excess of RWQCB Basin Plan
Standards.

!
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CHANNEL STABILITY ANALYSIS
AND

SPAWNING GRAVEL RESOURCES ASSESSMENT

The IFIM used to evaluate fish habitat and flow relationships in
the fisheries investigations, assumes stable and constant channel
morphology. The usefulness and validity of the IFIM model depends
upon the ability to predict the future character and mechanics of
the sediment transport system. Dams alter the sediment supply and
discharge resulting in long-term effects on channel morphology and
substrate that may change the amount and suitability of spawning
substrates.

Historical Chann~l Stabilltv

An historical channel stability analysis was conducted to evaluate
the applicability of assumptions about channel morphology and
geomorphic processes related to the validity of IFIM in the lower
Yuba River. This involved extensive analysis of historical maps
and channel cross sections of the river principally from Gilbert
(1917) and Adler (1980} (Figure 2), USGS gaging records, and
aerial photographs.

The lower Yuba River has undergone profound changes in channel
course, pattern, and bed elevation since the mid-19th century as a
result of a massive influx of sediment derived from hydraulic
mining in its basin. Hydraulic mining abruptly ceased in 1884,
but the lower Yuba River continued to aggrade for about 20 years
(Figure 30). After the turn-of-the-century, the braided, unstable
channel gave way to a stable, single-thread channel deeply incised
into the recently deposited debris plain. The incision was the
result of natural recovery from a major aggradational event, and
to a lesser extent, the influence of engineering works such as
debris dams and training levees. Although definitive evidence is
lacking, it appears that the recovery from the influx of hydraulic
mining debris (incision and accompanying stabilization) was
largely complete by about 1950.

Lateral channel migration was observed as late as 1973 through
1986 and can be viewed as normal in quasi-equilibrium. The
geometry of the shifted channel is likely to remain unchanged, so
the distribution of depths and velocities for a given discharge
are probably stable.

Gravel Resources Assess~h

A largely qualitative assessment of gravel resources was performed
based upon field reconnaissance, sampling of gravel deposits, and
knowledge of recent geomorphic history of the channel.

Spawning gravels are scarce in the Narrows Reach because of the
lack of upstream recruitment due to Englebright Dam, and because
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the hlgh-energy canyon environment discourages deposition.. Gravel
is abundant and of generally good quality in the Garcia Gravel Pit
and Daguerre Point Dam reaches. In the lower part of the Simpson
Lane Reach, the bed becomes dominated by finer-grained deposits
and gravels become less plentiful. Gravels that occur in this

I reach contain higher fine sediment fractions, and thus are less
suitable for salmon spawning. Even in the Daguerre Point Dam
Reach, numerous gravels were observed to have high levels of
interstitial fine sediments. However, gravels in the preferred

I spawning sites were loose, and thus potentially usable by spawning
fish. This is probably due to the flushing and mixing of the bed
material~ periodic high flows, such assuring 1985.

The lower Yuba River downstream of the Narrows possesses an
abundance of suitably-sized chinook salmon spawning gravel,

,ii~~ remaining from the massive deposits of hydraulic mining debris
dating from the turn-of-the-century. Because of the tremendous
volumes of gravel remaining in the river, it is unlikely that
spawning gravel will be in short supply in the foreseeable future.
Armoring of the channel bed (rendering suitable spawning gravels
inaccessible to spawners by development of an immobile layer of
cobble over the usable gravel beneath) is possible, but has not
developed to-date.

However, the DFG believes the habitat for fry and Juvenile life
stages of salmon and steelhead are currently less than optimum.

~:~.~ This is believed due to channel narrowing and incision that have

~/~j acted to reduce available habitat for these life stages.

The available evidence indicates that the lower Yuba River is
probably now in equilibrium with prevailing water and sediment
discharge and that results of an IFIM study can be extrapolated
into the future under existing basin conditions.

Overall, the spawning gravel resources in the lower Yuba River can
be considered excellent based on the abundance of suitable gravels
in the Garcia Gravel Pit and Daguerre Point Dam reaches. However,
no new recruitment of gravel can occur in the Narrows Reach due to
the presence of Englebright Dam. Gravel extraction within this
area should be carefully evaluated and monitored. Gravel of
suitable quality and quantity should be placed at locations
between the Narrows and Englebrlght Dam to improve the spawning
conditions for adult sprlng-run chinook salmon. Future l£censes
and permits for projects on the Yuba River should be conditioned
to provide for gravel replenishment, as necessary.

Gravel extraction within the Yuba River flood plain should be
restricted to skimming type operations that only remove materials
not suitable as substrate for spawning chinook salmon and
steelhead. Excavations below the thalweg should only be allowed
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behind levees capable of protecting the work area from a 100-year
flood event. No activities should be allowed which could result~
in changes in channel location.

Spawning habitat for salmonids shall be maintained through
conditions that prevent sedimentation and gravel cementation.

Habitat improvement projects should be implemented and should
include construction of shallow "rearing" areas and "braided"
channels designed to optimize habitat requirements for fry and

I

I
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BARRIERS TO ANADROMOUS FISH MIGRATION

For nearly a century, the lower Yuba River has been plagued by a
number of barriers to the upstream migration of anadromous fishes.
Hydraulic mining activity during the latter half of the 19th
century generated over 6 million cubic yards of gravel and debris,
and much of it was washed into the Yuba River. To prevent
downstream movement of this debris, a debris dam was constructed
in 3904-1905. This dam completely blocked the river to upstream
fish passage. The dam washed out 2 years later. In 1906,
Daguerre Point Dam was constructed 4.5 mi downstream of the
original debris dam as a more permanent structure (Figure 2).
Fish ladders were provided in Daguerre Point Dam, but were
ineffective. By 3950, the passage problems for chinook salmon and
steelhead trout improved with the installation of new and more
efficient ladders at Daguerre Point Dam. Currently, upstream
passage through Daguerre Point Dam is considered adequate for
chinook salmon based upon annual spawning stock surveys conducted
by the DFG. However, few American shad and no striped bass use
this facility (Wooster and Wickwire 1970). Upstream of Daguerre
Point Dam, construction of the Old Bullards Bar Dam in 1921 and
Englebright Dam in 1941 completely blocked upstream movement of
fish.

More recently, upstream movement over shallow riffles during
minimum flow conditions were of concern. Minimum flow for fish
are specified by an agreement executed September 2, 3965 between
the DFG and the YCWA. The agreement specifies minimum flows at
the crest of Daguerre Point Dam and through its fishways under
average water year conditions: 70 cfs is the minimum to be
released from July I through September 30; 400 cfs October 3
through December 31 ; and 245 cfs between January I and June
30. Minimum flows are subject to dry year conditions, where
reductions up to 30% are based upon water year streamflow
forecasts by the California Department of Water Resources (DWR).
The absolute minimum fishery release is 70 cfs. A copy of the
1965 agreement is contained in Appendix V.

Aerial surveys of the lower Yuba River were conducted on October
14 and November 12, 1986 to assess current conditions for upstream
migration and distribution of spawning fall-run chinook salmon.
Distribution of spawning was further evaluated using aerial
photographs and from the ground during microhabitat surveys of
spawning salmon.

Naturally occurring critical riffles were identified during
habitat mapping and represented by IFIM transects located at the
Simpson Lane and Daguerre Point Dam IFIM transect sites (Figure
2). Depth measurements were collected along two transects at each
of the two lower sites on July 37, 1987,~.~,6(a~._E~. minimum fishery
flow conditions (70 cfs}. PHABSIM was(us~’-~ ~-~mulate water
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surface elevations related to discharge levels beyond those flows
measured. Additionally, a critical riffle beginning directly
below Transect I at the Simpson Lane site was surveyed for its
longitudinal profile. Measurements of maximum water depth were
taken along the thalweg beginning at the crest of the riffle and
extending downstream to the head of the next pool. Measured
discharge levels were 35 cfs at Daguerre Point Dam and 84 cfs near
Simpson Lane.

The recommended minimum clearance depth for upstream migration of
adult chinook salmon varies in the literature. Thompson (1972)
suggests a minimum depth of 0.8 ft. Further, the minimum depth
must cover continuously at least 10% of the stream’s
cross-sectional profile. Lastly, 25% of the cross-section must
also meet the criteria, though not within contiguous widths.
Evans and Johnston (1980} recommend a passage minimum depth of 1.0
ft. A depth equaling two-thirds of the fish’s body depth is
mentioned by Bovee (1982).

~R~sults of aerial and ground level surveys of the lower Yuba River
during October through December 1987, when chinook salmon upstream
migration and spawning were at their peak, revealed that there
were no barriers to upstream migration at prevailing flows. This
was substantiated by the presence of spawning salmon throughout
the lower Yuba River to Rose Bar and confirmed that the Daguerre
Point Dam fish ladders were operational under the observed flow
conditions. Mean monthly flows at Marysville during October
through December were 461, 497, and 684 cfs, respectively (USGS
1988).

Comparison of fish passage criteria to conditions available in the
lower Yuba River at and below Daguerre Point Dam indicate 70 cfs
is not sufficient to meet depths approximating Thompson’s (1972)
criteria at the riffles posing greatest passage limitations in the
Simpson Lane and Daguerre Point Dam reaches. Results of the
PHABSIM analysis at the Daguerre Point Dam and Simpson Lane
transect sites are contained in Appendix VI. Of the critical
riffles evaluated, the riffle posing the greatest potential to
prevent fish passage is the Simpson Lane IFIM Transect I. Even at
a flow of 100 cfs, the Simpson Lane IFIM Transect I would not meet
fish passage criteria (Figure 31). It is doubtful that a flow-of
100 cfs would be sufficient to meet the criteria for the Simpson
Lane Critical Riffle Thalweg site below Transect ~ (Figure 32}.
Therefore, streamflows in excess of 100 cfs are necessary to
provide minimum upstream passage for adult chinook salmon at all
lo~ations along the lower Yuba River downstream of Daguerre Point
Dam. Extrapolation of the Simpson Lane IFIM Transect I data~~
indicates that a minlmumof approxlmatelF 175 cfs a~e requi
meet Thompson’s (1972) criteria.
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SIMPSON LANE TRANSECT-1 AT 1OO CFS

-0.8 Crlt|caL

SIMPSON LANE TRANSECT-1 AT 84 CFS

0~th

SIMPSON LANE ~ANSECT-1 AT 50 CFS

F~re 31. Height of s~re~ channel to water surface elevation
(ft) at Simpson Lane IFIM Transect-1 site, lower Yuba River,
California. Depths measured at 84 cfs, depths estimated using
P~SIM for flows of 50 and ~00 cfs.

C 066866
C-066866



=
~ CHANNEL

,

-~
0         ~ ~ ~0 240

~ ~ ~ ~ 270

F~gure 32. Height of stre~ channel to water surface elevation
(ft) at Simpson Lan~ Critical RiffleThalweg site at 84 cfs,
lower Y~a River, Califo~ia.

Flows of 175 cfs are needed to provide minimum upstream passage
for adult chinook salmon. This was determined using the depth
criteria of 0.8 feet covering continuously a minimum of 10% as
well as 25% of the non-contiguous area of the stream cross-section
as the minimum clearance depth for adult chinook salmon upstream
migration.

Fish passage over Daguerre Point Dam appears adequate for chinook
salmon and steelhead, however, few American shad and no striped
bass are found upstream.                                                --
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~ECTS OF FIX)W DIV~IONS
ON

JUVENILE ANADROMOUS SALMONIDS

Existing and proposed water rights and diversions were identified
and characterized for the lower Yuba River from Englebright Dam                 ~
downstream to the confluence with the Feather River.

The adequacy of fish screening facilities at existing diversions
was also assessed.

L~catlon ~nd Ch~ra~t~ri~tlg$ ~f Diversions

There are numerous riparian and appropriatlve water rights
existing along the lower Yuba River (Figure 33). The primary
consumptive use is offstream irrigation, which accounts for more
than 90% of offstream water users. The Yuba County Water Agency
(YCWA) is the most significant holder of water rights with permits
or licenses for 2,080,000 AF per year. The YCWA supplies water
for diversion primarily to the Hallwood Irrigation Company (78,000
AF), Cordua Irrigation District (72,000 AF), Ramirez Water
District (13,900 AF}, Browns Valley Irrigation District (25,687
AF), Brophy Water District (35,330 AF}, and South Yuba Water
District (22,100 AF) (Table 20}. An additional 18,204 AF exists
in miscellaneous riparian and active sales contracts. The
Hallwood Irrigation Company, Cordua Irrigation District, and
Ramirez Water District collectively divert water through the
Hallwood-Cordua Canal. The Brophy and South Yuba water districts
divert through the Brophy-South Yuba Canal. These water districts
have either their own water rights and/or purchase water through
contract from the YCWA. Also, the YCWA is presently actively
seeking sale of Yuba River water to other downstream users and the
California Department of Water Resources (DWR). Diversions from
the lower Yuba River generally occur during the period March
through October.

The Hallwood-Cordua Canal gravity flow diversion is located on the
north bank at Daguerre Point Dam and diverts a maximum of 625 cfs.
The Browns Valley Irrigation District diverts a maximum of 80.2
cfs using a pump for diversion and is located on the north bank
about 4,750 ft upstream of Daguerre Point Dam. The Brophy-South
Yuba Canal, a gravity flow diversion that diverts a maximum of 380
cfs, is located on the south bank and just upstream of Daguerre
Point Dam.

Entrainment and Impingement at Diversions

The three major diversion facilities, Browns Valley Irrigation,
Hallwood-Cordua, and South Yuba and Brophy water districts, have
intake screening devices to prevent losses of Juvenile salmonids
and other fishes. The Browns Valley Irrigation District diversion
is partially screened by a gabion which was constructed in 1983.
The gabion initially stretched across the mouth of the slough
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Table 20. Summary of diversion rates (AF| by month for the major water
districts supplied by the Yuba County Water Agency, lower Yuba River,

, California (data suDDle~ bY ~h~ YCWA),
South

Hallwood Cordua Ramirez Browns Valley Brophy Yuba
Irrigation Irrigation Water Irrigation Water Water

Company District District District District District
Month WR* WR     ~W÷ W~ WR , ~W PW ~W

"~Mar 0 0 0 0 0 0 520 300
Apr 10,000 4,500 900 2,010 2,269 1,667 4,795 3,000
May 14,500 10,600 2,120 3,270 2,345 1,666 6,460 4,000
Jun 14,100 10,400 2,080 2,745 2,269 1,667 6,670 4,200
Jul 13,600 11,100 2,620 1,920 2,345 2,500 6,985 4,400
Aug 12,900 11,000 2,600 1,755 2,345 2,000 5,525 3,400
Sep 8,000 5,900 1,180 1,500 2,269 0 3,750 2,400
Oct 4.90~ 6.500 500 700 2.345 625 4~

Total 78,000 60,000 12,000 13,900 16,187 9,500 35,330 22,100

Max cf~ 27~ 27~ 75 38.2 42 230.. I~0

* (WR) Basic water right of respective water district.
+ (PW) Purchase water through contract with YCWA.

where the pump is located. However, a breach was cut through the
gabion near the upstream bank to enhance diversion flow after it
became clogged. This breech has reduced the gablon’s
effectiveness to screen out fry and juvenile fish. The DFG
monitored this diversion to estimate the chinook salmon smolt loss
in June 1987 (DFG 1987b). Entrainment losses of smolts were
calculated for diversion flows ranging from. 10 to 75 cfs with
60-day losses estimated to range from 87 to 1,200 fish,
respectively. At the maximum legal diversion rate of 42 cfs,
total loss over a 60-day period was estimated to be 525 fish.
These losses appear small, however the overall cumulative effect
of losses at all diversion sites make these losses significant.

The Hallwood-Cordua gravity flow diversion utilizes a V-shaped
punched plate screen that is operated and maintained by DFG. At
the apex of the "V" a bypass system diverts fish to a collection
tank. The collected fish are returned to the river either through
a pipeline or by truck. This screen is efficient in preventing
the entrainment and impingement of Juvenile salmonlds (Hall ~979}.
However, losses due to predation, principally by Sacramento
squawfish, occur near the screen face and upstream in the intake
channel. Losses ranged from 19.0% to 50.2% for test 9Toups
examined during 1977 and 1978.
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The South Yuba-Brophy gravity diversion is screened by a rock
levee which was completed in 1985. The levee separates the
diversion pool from a diversion and bypass channel flowing
parallel to the levee. Its function is to prevent fish from
entering the diversion pool. The approval of this screening
device by DFG was contingent upon a 3-year study to ascertain
whether the levee would be 95% effective in preventing entrainment
to the diversion pool. The DFG surveyed the diversion pool inside
of the rock levee in March 1987. It was concluded that the levee
is permeable to small fish including chinook salmon, even when the
diversion is not operational, and that it would pass significant
numbers of salmon in proportion to the amount of water diverted
(DFG 1987a}. Further studies of fish losses through the rock
levee were conducted in May 1988 using marked Juvenile chinook
salmon (DFG 1988}. Flows passing through the rock levee into the
diversion pool were estimated to be 80 cfs, 21% of the maximum
flow capacity of 380 cfs. No chinook salmon (marked or unmarked)
were found in the diversion pool. Although, no salmon were
diverted, losses did occur. Approximately 50% of the fish lost
were attributed to predation by Sacramento squawfish in the
diversion and bypass canal on the upstream side of the rock levee.

Natural Predation on Juvenile Chinook Salmon

The extent of predation on migrating juvenile salmonids in the
lower Yuba River is unknown. However, Daguerre Point Dam and the
local diversion structures do provide conditions conducive to
excessive predation, and may contribute to significant salmonid
losses. Significant predation of juvenile salmonlds has been
documented in the Sacramento River at the Red Bluff Diversion Dam
(Hall 1977} and in the Yuba River at the Hallwood-Cordua fish
screen (Hall 1979}. The Brophy-South Yuba Diversion, located
across the river opposite the Hallwood-Cordua Diversion, is
another location where the impact of predation may be significant.
Losses may also occur immediately below Daguerre Point Dam where
emigrating salmonids may become disoriented by turbulent flow
conditions associated with passage over the ~ace of the dam.

The stomach contents of Sacramento squawfish greater than 7.75 in
were examined for the presence or absence of Juvenile chinook__
salmon to evaluate squawflsh predation on chinook salmon in the
lower Yuba River. Squawflsh were captured by electroflshing at
nine sites located throughout the four reaches during February and
May of 1987. Other species known to prey on Juvenile salmonids,
including striped bass, steelhead trout, largemouth bass,
smallmouth bass were not sampled in sufficient numbers for
analysis.

Sixteen Sacramento squawfish stomachs for content analysis were
collected during February and May 1987. The Squawfish examined
ranged from 15.9 to 26.6 in (FL}. Fourteen stomachs were found
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to be empty. A single juvenile chinook salmon was present in each
of the two remaining stomachs. One of the two stomachs also
contained a Pacific lamprey ammocete. The absence of food items
may be due to the tendency of large squawflsh to regurgitate their
stomach contents when captured by most methods and as a result of
their relatively rates (Brown and Moyle 1981}. Ashigh digestion
a result, it is difficult to conclusively determine the extent and
impact of squawflsh predation of Juvenile salmonids based solely
on stomach content analyses.

The three most significant diversions along the lower Yuba River
are located at or near Daguerre Point Dam, and diversions
generally occur from late March through October. The Hallwood
Irrigation Company, Cordua Irrigation District, Ramirez Water
District, Brophy and South Yuba water districts, and Browns Valley
Irrigation District combined divert up to a maximum of 1,085 cfs.

Juvenile chinook salmon are lost at all three diversion intake
structures due to impingement, entrainment, and/or predation.
Individual losses at these diversions may not be significant.
However, the cumulative impact of these losses is significant.

Evaluation of predation on Juvenile chinook salmon by Sacramento
squawfish found at sites away from diversion structures was
inconclusive. However, previous studies have docuinented
significant predation on young chinook salmon by Sacramento
squawfish at the Hallwood-Cordua fish screen on the Yuba River and
at the Red Bluff Diversion Dam on the Sacramento River.

In accordance with Fish and Game Code Section 6100, all~ew~
diversions of water from the Yuba River should be screen~
according to criteria established by the Department. Existing
water diversions from the Yuba River (Brophy-South Yuba, Browns
Valley Irrigation District, Hallwood-Cordua Irrigation District)
are resulting in significant losses of fry and Juvenile salmon and
steelhead. Existing gravel and weir type fish screens have proven
unreliable and ineffective and should be replaced and screened
~qg~I~ng to curre~e~la with "state of the art"
perfora£~[~’e~o~ wedge wlreh~ screens located "on river".
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RIPARIAN VEGETATION
I

Most of the original plant communities along the lower Yuba River
have been significantly altered from pristine conditions (USACOE
1977). Although little is written specifically about the pristine
riparian forests of the lower Yuba River, it is believed that the
banks of the lower Yuba River and its adjacent natural levees once
were covered by riparian forest of considerable width. It has
been suggested that most riverine flood plains in California’s
Central Valley supported riparian vegetation to the 100-year
flood plain. It is likely that the Yuba River was no exception.

Riparian vegetation is important to the maintenance of the
anadromous salmonid fishery by providing: (I} stabilization of
river banks and reduction of sediment load in the channel, {2)
provision of shade to the stream channel thereby reducing water
temperature and providing overhead cover for fish, (3) enhancement
of stream nutrients due to decay of plant debris, and (4)
provision of streamside habitat for aquatic and terrestrial
insects that are preyed upon by fish.

Existlna Pl~nt ~ommunitles

Plant communities of the study area were mapped from color aerial
photographs taken in October 1986 prior to significant leaf fall.
From these photographs it was evident that most of the river is
not shaded by the existing riparian plant community.

Three plant communities, one topographic feature, and one
generally designated unit of urban influence were mapped. The
plant communities were determined to be blue oak/digger pine
woodland, riparian forest, and grassland/agriculture. The
topographic feature mapped was hydraulic mine tailings. Urban
influences mapped were gravel mines, houses, and off-road
vehicular use of the river bank.

Riparian vegetation accounted for 56% of the total lineal
shoreline coverage downstream of Englebright Dam (Table 21}. Blue
oak/digger pine woodland accounted for 23%, hydraulic mine
tailings 11%, and all other community types combined 10%.

The existing riparian vegetation community has little influence or
impact on the aquatic resources of the lower Yuba River. For
example, most of the stream channel does not receive shade from
any vegetation. In terms of fishery management, there is a need
to restore and/or enhance the existing riparian community.
Presently, riparian vegetation in the lower flood channel
downstream of the Yuba Goldfields is regularly removed by DWR as
part of an ongoing flood flow maintenance program.
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Comparison of Existing and
Historical Ve~etatlve Cover

The intent of this investigation was to compare the results of
this riparian investigation to those published by the U.S. Army
Corps of Engineers (USACOE 1977) to quantitatively assess the

of that have occurred in the decade.magnitude changes may past
However, only a qualitative comparison is attempted due to
possible differences in criteria used to distinguish community
types and the resolution of information available from the USACOE
vegetation and land use map.

The extent of community types in the Narrows Reach during the
1970s is essentially identical to that present today (Table 21 and
22). In the Garcla Gravel Pit Reach, there may have been
significant changes in streamside conditions since the early
1970s. Oak/pine woodland and chaparral comprised 11.2% of the
streamside in the 1970s, but now comprise 35%. In the 1970s,
riparian vegetation was present along about 9% of the reach,
whereas it is currently present along 44% of the reach. The
dominant streamside feature in the 1970s was hydraulic mine
taillngs (70%}, that currently comprises only 16% of the reach.

Table 21. Estimated extent of linear features along the lower
Yuba River. California. i~

Simpson Lane Daguerre Pt. Garcia Gravel
Dam Pit

Community TvD~ $~ % ~ % ft
Blue Oak/Digger Pine

Woodland 0 0 1,522 1 100,941 35
Riparian Vegetation 68,094 78 150,125 72 129,692 44
Grassland/Agricultural 6,949 8 0 0 0 0
Hydraulic Mine Tailings 0 0 22,779 11 47,974
Urban-Agricultural/ 12,027 14 33,194 16 13,851 5

Degraded Ruderal
Total 87.07~ 100 ~7,~0 100 292.458 100

Narrows Total River
Community TTp~ ~ % ~t
Blue Oak/Digger Pine

Woodland 41,457 97 143,920 23
Riparian Vegetation

1,45~
349,369 56

GrasslandlAgricultural _ 6,949 1
Hydraulic Mine Tailings 0 0 ~0,753 11
Urban-Agrlcultural/ 0 0 59,072 9

Degraded Ruderal
Total 42.915 ~00 630.063 100

!
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Table 22. Estimated extent of linear features along the lower I
Yuba River, California, ~rinq ~he ~r17 I~70’s (USACOE I~77}.

Garcia Gravel       Narrows
Pit

ICommunltv TTp~ . f~ % f~
Blue Oak/Digger Pine

Woodland 11,880 10.8 16,500 89.3
Riparian Vegetation 9,900 9.0 0 0.0 I
Grassland/Agricultural 10,560 9.6 0 0.0
Chaparral* 436 0.4 1,980 10.7
Hydraulic Mine Tailings 77,220 70.2 0 0.0 I
Urban-Agricultural/ 0 0.0 0 0.0

Degraded Ruderal
Total 109,996 I00~0 18.480 100.0

* Chaparral included with blue oak/ digger pine woodland plant I
community during the 1986 investigations.

!
Comparison of current conditions with those of the early 1970s is
made with caution, however. The stabilizing of streamflow               ¯
following completion of New Bullards Bar Dam appears to have
expanded the riparian community of the Garcia Gravel Pit Reach and
may have affected the remaining reaches downstream in a similar
manner.

Studies of the existing riparian plant community indicate it is
only minimally benefiting the fishery. For example, most of the
stream channel does not receive any shade from overhanging
vegetation. The existing riparian community should be enhanced to
provide benefits to fish as well as wildlife.

One such manner of riparian habitat improvement could be provided Ithrough transfer of uncompleted wildlife mitigation for impacts
caused by Bullards Bar Reservoir to the lower Yuba River. Such
mitigation could include land acquisition and enhancement of~/
riparian vegetation.

As a result of riparian investigations of ~he lower Yuba River,
the value of stream side riparian and adjacent wildlife
habitat has become vex-/ evident. The DFG recommends that the YCWA
provide funds for acquisition of acreage of lands adjacent to the
Yuba River below Englebright Dam as an alternative to the wildlife ¯
habitat mitigation provisions of the Agreement between DFG and the
YCWA for New Bullards Bar. Such land should be operated for
habitat protection and fish and wildlife oriented recreation by
DFG with annual funds for habitat improvement and protection
provided by the YCWA.        0~-~ ~ ~ ~c~,,~ ~0 ~ " "
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Removal of riparian vegetation, due to its value for food
production (terrestrial insects) for Juvenile salmon and steelhead
as well as nutrient input to the river system and its use by many
wildlife species, should be carefully evaluated to assure no net
loss to protect fish and wildlife resources.    Riparian vegetation
is included in the California Fish and Game Commission’s
definition of wetland vegetation and compensation must be sought
in line with Commission policy. Programs for restoration and
improvement of riparian habitat should be implemented.

_!
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Current recreational use and access of the Yuba River is severely
limited due to poor access. Total angling use in 1962 on the
lower Yuba River was estimated to be 19,400 angler-days (DFG
1965a}. Historic legal access sites include the access road to
the gravel plant on the north side of the river at the Highway 20
bridge crossing, at Hallwood Avenue approximately 4.5 mi
downstream of Daguerre Point Dam, and from the Feather River.
Limited access is available across the University of California
property and various private properties.

The Highway 20 bridge access is from a road that leads to a gravel
plant located upstream of the bridge. This road is blocked some
distance from the river by a gate operated by the gravel company.
Foot access beyond this gate is generally permissible. However,
parking is virtually nonexistent along this road.

Hallwood Avenue is a county road that ends at the edge of the Yuba
River channel. Parking is limited to the side of the road, and
often conflicts with adjacent agricultural interests. Restrictive
signing prohibiting parking and access, barriers, and piles of
agricultural waste further restrict parking and confuse the public
as to their right to access the river.

Boat access to the Yuba River is possible from the Feather River.
Two boat ramps located on the Feather River just upstream of the
confluence with the Yuba River provide access to the Yuba River.
Depending on flows, boats can navigate the Yuba River upstream to
Daguerre Point Dam. From Marysville, access is available on foot
through the River Front Park.

Public recreation and the fisheries resources of the Yuba River
are capable of sustaining additional recreational use. To provide
for such use, access sites for boat launching and takeout should
be developed. One such site could be developed in conjunction
with construction of the proposed new Highway 20 bridge near
Smartville. Three additional sites could provide much of the
launch and takeout necessary to provide adequate access. These
additional sites could be located at Rose Bar, Daguerre Point Dam,
and Hallwood Avenue.

/Public access to the Yuba River is limited. Walk in access is
/llmited and boat launching and takeout facilities do not exist.
/Boatsmust be hand carried to the river over conslderable distance
~at all current Yuba River access sites. Boat launching facilities
|located on the Feather River at Marysville and Yuba City allow
[access to the Yuba River between Daguerre Point Dam and the
\Feather River only if flows are sufficient.
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The fisheries resources of the Yuba River appear capable of
~ sustaining additional recreational use.

i
Fishing access sites and boat launching and takeout facilities
should be developed in the general areas of Rose Bar, the new

i Highway 20 bridge crossing, Daguerre Point Dam, and Hallwood
Avenue.

!
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INSTREAMFLOWANDMANAGEMENT RECOMMENDATIONS

DFG’s management goals for the lower Yuba River are to optimize
chinook salmon, steelhead trout, and American shad habitat
conditions and populations. Fall- and spring-run chinook salmon
are emphasized due to their significant value to sport and
commercial fishing interests. However, species needs vary with
llfe stage and the time of year, and, consequently, specific
species life stages are emphasized during particular periods to
adequately address the over all needs of the anadromous species in
the lower Yuba River.

When evaluating instreamneeds and formulating flow regimes, a
variety of fact3rs and competing species life stage needs must be
considered and integrated. Water temperature characteristics, the
relationship between physical habitat availability and streamflow,
water quality, channel stability and spawning gravel, migration
barriers and fish entrainment, riparian vegetation, and effects of
water project operations on flow and temperature are among the
factors which should be considered when developing flow regimes to
optimize habitats in the lower Yuba River. The analyses below
consider the lower Yuba River’s water temperature characteristics,
the relationship between physical habitat availability and ~
streamflow, and water availability.                            ./~,~)

Water temperatures in the lower Yuba River are affected by the
operations of Englebright and New Bullards Bar reservoirs.
Although constructed with an adjustable intake, c~eration of the
New Bullards Bar project has not resulted in the water temperature
benefits anticipated. Operation of the enlarged project has had
little effect on downstream river temperatures from mid-December
through early March. However, water temperatures tend to be
increasingly warmer as spring progresses. On-the-other-hand,
water temperatures tend to be cooler from early July through
mid-December than they were before the dam was enlarged. DFG m~.°i_~
makes,,th~_ _ ~_0~_i~~_               _te~perature_~_ .~ --~ recommendations.

Water temperatures during the mid-October t~rough March period
should not e~ceed the daily average of 56.0 F at Daguerre Point
Dam and 57.0~F at the Marysville gage during normal and wet water
years. These criteria meet preferred temperature requirements of
salmonlds using the river during this period. They also comply
with the Basin Plan (SA) requirements for the Sacramento River
between Keswlck Dam and Hamilton City (RWQCB 19751, and the Upper
Sacramento River Fisheries andRiparian Advisory Council (1989}
recommendations.

Water temperatures at the Marysville gage during normaloand wet
water years should not exceed the daily average of 60.0 F in April
and May and 65.0"F in June. The May and June temperatures
primarily benefit American shad, and occur at the upper range of
preferred steelhead rearing.        ’~ ’     "--- ~ ~’-’°--’-’-~’--~~
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TO meet the various species life stage needs during july and
August, water temperature~ at Daguerre Point Dam should not exceedI the daily of F. During September, the dailyaverage 6~.0 average
should not exceed 65.0~F at the Marysville gage. For steelhead,~
50.0VF ±s the maximum preferred in the summer period, while 65.0~F

I is within the low stress range identified by Rich (1987}. The
daily average water temperature at t~eMarysville gage during
early October should not exceed 50.0 F. The July and August

i temperatures are designed to meet the needs of Juvenile steelhead
in the Garcla Gravel Pit and Daguerre Point Dam river reaches,
since the greatest amount of Juvenile habitat occurs in these two
reaches. In addition, these temperatures will provide suitable

I conditions for adult sprlng-run chinook salmon holding in the
Narrows Reach. The September-October temperatures will ensure
suitable conditions for migrating adult salmonlds.

I Daily maximum water temperatures should not exceed t e daily
average temperature recommended above by more than 2-F for more
than 8 h in any 24-h period during any month of the year.

I Evaluation of existing temperatures indicate that river
temperatures are often at or above salmon, steelhead, and/or shad

i llfe stage preferred ranges. Operation of Englebright, New
Bullards Bar, and other upstream reservoirs should be evaluated
and operational criteria developed to improve temperature
conditions in the lower Yuba River.

Water temperature modeling on the lower Yuba River indicates that
downstream temperature increases are influenced by air temperature

i and the river flow/diversion ratio. The greatest temperature
increases occur during a warm June with an Englebright Dam release
of 245 cfs. The effects of water diversion are most pronounced
with a 500 or 1,000 cfs diversion and 245 cfs passing downstream

I of Daguerre Point Dam. Minimum change occurs during a cool
November with a 3,000 cfs release. July through September water
temperatures were not simulated during this investigation.

I Results of the PHABSIM analyses of the physical habitat WUA/river
discharge relationships indicate that the preferred physical

for fall- and sprlng-run chinook salmon,
steelhead trout, and American shad species life stages are
optimized by the following flow regime:

River discharge at the
Time Derlod M~vsville uaue (cfs)
October 15-March 31 700
April 1-30 1,000
May 1-31 2,000
June 1-30 1,500
July 1-October 14 250-450

l/
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Evaluating these river flows and existing and predicted river
temperatures indicate that favorable water temperatures would
occur during all periods except during the July to mid-October
period when possible high temperatures would adversely affect the
salmon and steelhead populations. Fish growth~’ r~duced for all
cold-water fishes at temperatures greater than oo.0 F while the
upper lethal limit is 75.0 F for steelhead trout (Bell 1986}.

Water temperatures downstream of Daguerre Point Dam during the
July to mid-October period can increase rapidly depending upon
diversion rates. Water temperatures not exceeding 65.0 F at
Daguerre Point Dam during July and August, however, should not
increase significantly downstream through the Daguerre Point Dam
reach for maintenance of Juvenile steelhead trout if adequate
flows are provided. These adequate flows would also provide a
measure of protection from high water temperatures near
Marysville.

The flow of 450 cfs at the Marysville gage is recommended for the
months of July, August, September, and October 1-14, respectively.
This flow occurs within the range of flows identified as providing
maximum juvenile steelhead trout habitat in run/glide habitat
within the Garcia Gravel Pit and Daguerre Point Dam reaches and
may achieve the recommended temperatures at Marysville better than
flows of a lesser value. However, this flow recommendation is
made in the absence of temperature studies for this summer period
that would allow a definitive assessment of the temperature/flow
relationship. Under this flow recommendation, flows upstream of
Daguerre Point Dam could range up to 1,535 cfs during this period
due to releases to satisfy offstream diversions. Associated with
these flows, physical habitat for young steelhead trout and
American shad may be reduced by an unspecified amount and water

~ temperatures may be reduced to below optimum in this area. Anyadverse impacts should be reduced by redeveloping juvenile
steelhead physical habitat upstream of Daguerre Point Dam.

In view of the chinook salmon, steelhead trout, and American shad
life stage requirements, the species life stage WUA/discharge
indices, and river water temperatures, DFG recommends the
following minimum flow regime be maintained in the lower Yuba
River during normal and wet water years:

River discharge at the
Time ~e~ Marvsville uao~ .(~fs)
October 15-March 31 700
April 1-30 1,000
May 1-31 2,000
June 1-30 1,500
July l-October ~4              450
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i Analysis of the annual flow at Smartville indicates that the lower
Yuba River’s average annual unimpaired flow equals or exceeds
2,332,730 AF 46% of the time. Thus, this average annual value is
a good indicator of the long-term average water supply in the

I lower Yuba River. The recommended flow regime at Marysville
(599,614 AF} represents only 25.7% of this quantity (Table 23}.

Table 23. Estimated Yuba River mean monthly unimpaired flow at
Smartville for the 63-year period 1921-1983, actual flow at
Marysville gage for the 1969-1988 period, and proposed minimum
flow regime at Marysville, California. Flows are in acre-feet
with c~. i~..p~nthesis,

Unimpaired flow     Actual flow          Proposed
at Smartville      at Marysville       minimum flow

..Month          1~21-1~*          1969-1988+        at Marvsville
Oct 1-14 15,800    (569)     34,739 (1,251)     12,496    (450)
Oct 15-31 19,200    (569}     42,183 (I,251)     23,604    (700)
Nov         96,790 (1,627)    101,159 (1,700)     41,654    (700)
Dec        203,440 (3,309)    175,980 (2,862)     43,042    (700)
Jan        263,490 (4,285)    277,498 (4,513)     43,042    (700)
Feb       287,700 (5,180} 276,357 (4,976}    38,877 (700}
Mar       316,490 (5,147} 261,265 (4,249)    43,042 (700)
Apr       375,460 (6,310) 187,322 (3,148)    59,505 (I,000)
May       426,510 (6,936) 136,259 (2,216) 122,977 (2,000)
Jun       224,570 (3,774} 107,288 (I,803)    89,258 (1,500)
Jul        58,380 (949}    78,705 (I,280}    27,670 (450}
Aug        24,600 (400)    90,450 (1,471)    27,670 (450)
Sep         20.290 (341)    88.603 (1,489)     26.777 (450)

Total 2.332,7~0 ..        1,8570808            599.614

Source: DWR (1987a) (also Table 4).see
+ Source: USGS, Water Resource Data - California, water

years 1969 through 1988.

Comparing the lower Yuba River’s proposed flows at Marysville with
the river’s annual unimpaired flow (at Smartville} for the 63-year
period indicates that the total annual Elow recommended for
fishery purposes is exceeded about 98% of the years. Hence, on
the average, there is insufficient water in the Yuba River to meet
fishery needs in only 2 OUt oE every 100 years.

In addition, comparing the proposed July through mld-O~tober flows
to estimates of mean monthly unimpaired flow at Smartville for the
period 1921-1983 indicates the proposed flow of 450 cfs during
August, September, and October exceeds the estimated mean monthly
unimpaired flow requiring flow augmentation of 10,657 AF (Table
23, Figure 34).
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!
I Since flow in the lower Yuba River is impaired by water project

operations and diversions, comparison of the actual and

i r ecommended flows at Marysville provides a more representative
evaluation than one using unimpaired flows. Comparing the
recommended monthly flow regime with the actual average monthly
flow at Marysville indicates that the proposed monthly flows are

I exceeded during all months of the year. Thus, flow augmentation
is not needed during any period of the year as long as project
operations remain relatively the same as they are now.

I       Combining the recommended total annual instream flow requirements
(599,614 AF} and the existing riparian, miscellaneous
approprlative, and active contractual offstream requirements

I (265,221AF) indicates that 864,835 AF are needed each year to
meet fishery instream and various offstream needs. Analysis of
the unimpaired annual flow at Smartville indicates that the total

I water needs are exceeded about 94% of the time. In other words,
on the average there is insufficient flow in the lower Yuba River
during only 6 out of every 100 years to meet in- and offstream
needs.

I     ~Ithough not evaluated in these studies, attraction flows may be
~ ~ necessary to induce fall-run chinook salmon and steelhead trout

I~ ~ into the lower Yuba River. Additional studies should be
~ implemented to evaluate attraction flows and results used to
~yflne the above flow recommendations.

I The above analysis that sufficient water of suitableassumes
temperature is available to meet the recommended flow
requirements. This may not be the case. Insufficient cool water

I may be stored in the upstream project to fully meet downstream
temperature and flow requirements. Hence, the availability of
water of suitable temperature needs to be evaluated. Therefore,
DFG recommends that Englebrlght and New Bullards Bar reservoirs’
water temperature, water availability, and operational procedures
and criteria be modeled and evaluated. Additional temperature
studies of the water temperature/flow relationship below

I Englebright Dam are needed for the summer months of July through
September since simulations were not conducted during these
investigations. These data should be used to refine the above

I recommended flow regime.

When developing flow recommendations for California streams, it is
customary to develop "dry" water Fear criteria. If only the

I WUA/discharge indices, offstreamneeds, and water availability
information are considered, on the surface it would appear that
dry Fear criteria should be developed for "extremely dry" years.

I However, if water temperature and availabilltF of water of
suitable temperature is considered, it becomes more apparent that
dry year criteria are needed. Once the recommended reservoir
water availability and temperature and project operations modeling

I effort the dry criteria should beare completed, following year
.̄    reviewed and modified as appropriate.
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For the purpose of this analysis, a dry year is defined as a water
year where the estimated unimpaired annual runoff is less than 50%
of the 50-year average unimpaired runoff of the Yuba River in
acre-feet at Smartville for the current water year as published
annually in the MaT I, R~Dort O~ Water Conditions in California by
DWR. In the event a dry water year is identified, reductions to
fishery flows recommended by DFG and offstream diversions shall be
made on an equal percentage basis. Such reductions shall be based
on water available to permanent contracts existing on January I,
1990. Post January I, 1990 offstream contractual obligations and
diversions shall be reduced to zero before reductions in fishery
flows occur.

Further, in the event a dry year occurs, the recommended daily
water temperature defined in this report’s water temperature
section shall not apply.

Short-term daily flow fluctuations and flow reductions can occur
at any time due to natural storm events, maintenance of flood
reservation storage, hydroelectric power generation, and diversion
requirements. Flow fluctuations and reductions can dewater
salmonid redds, cause a net loss of spawning gravels, loss of
juveniles through stranding, and disrupt angler access to fishing
areas and angler catch rate.

~h~rt-term daily streamflow fluctuations are defined as changes in
rthe flow that occur on a regular daily basis generally associated

with daily operations of hydroelectric power generation and
~deliverles for offstream diversion requirements. To avoid loss of
~aquatic productivity and to prevent fish stranding, it is

recommended that daily flow fluctuations should not exceed 10% of
the average flow flow within any 24-h period and weekly flow
fluctuations should not exceed 20% of the average flow within any
7-d period at all times while New Bullards Reservoir and

I
Englebright Reservoir are under control (i.e. no unregulated
spills are occurring}. For example, if the average flow for the
period is 200 cfs, flows should not be less than 180 cfs or
greater than 220 cfs; flows on a weekly basis should not be less
than 160 cfs or greater than 240 cfs. Flow fluctuations should be
measured at the USGS gage below Englebright and near Marysville.

S~treamflow reductions are defined as planned reductions. Such
reductions are generally associated with, but not limited to, the
specified monthly flow schedule above, reservoir flood reservation
requirements, deliveries to offstream diverters, water transfers
and sales, and downstream sallnit¥ intrusion control. During all
such flow reductions to prevent loss due to dewatered salmonld

stranding, the ramping rate shall be gradual, not exceedln~.30%----of
the existing initial flow during any 24-hour period and s2~ject to
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To further minimize the impacts to chinook salmon and steelhead
trout spawning from flow reductions during the period October 15
through February, the following interim schedule, subject to any
stranding studies, is recommended to reduce the negative impacts
of dewatered redds, net loss of spawning gravels, and loss of
Juveniles to stranding. In the event that during the period

5October I through February, the 7-d average flow released from
Englebright Dam exceeds 800 cfs (except in the event of flood
control releases) the previously described monthly minimum flow
schedule shall be modified as follows: (I} if the average flow
for the preceding 7-d period exceeds 800 cfs but is less than

occurrence through February at the Marysville gage, (21 if the
average flow for the preceding 7-d period exceeds 1,000 cfs but is
less than 1,500 cfs, the minimum flow specified should be 1,000
cfs from the date of occurrence through February at the Marysville

) averagegage, and (3 if the flow for the preceding 7-d period
exceeds 1,500 cfs, then the minimum flow specified should be 1,500
cfs from date of occurrence through February at the Marysville

gage’~
For maintenance of American shad angler success, a weekly flow
reduction not greater than 200 cfs should occur during May I

~through May 31, and not greater than 150 cfs during June I through
~.~une 30, as measured at the Marysville gage.

The information developed during these investigations indicate
that salmon and steelhead fry and juvenile habitat in the lower
Yuba River currently is less than optimum. Channel narrowing and
degradation have acted to reduce available habitat for fry and
Juvenile salmonids. Habitat improvement projects should be
implemented and should include construction of shallow "rearing"
areas and "braided" channels designed to optimize habitat
requirements for fry and juveniles. Stocking of additional
steelhead fry should be considered to increase steelhead
production.

!
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Funding for the Lower Yuba River Fisheries Investigations came
from the Environmental License Plate Fund through appropriations
to the Streamflow Requirements Program, California Department of
Fish and Game, contained in Assembly Bill No. 723 of 1985, Chapter
1259.

Beak Consultants, Incorporated was the primary contractor but
utilized the efforts and technical expertise of several
subconsultants who were responsible for the conduct on one or more
of the technical studies that comprised the Lower Yuba River
Fisheries Investigations. Thomas R. Payne and Associates
conducted the water temperature modeling and instream flow studies
for chinook salmon. Philip Williams and Associates performed the
studies on channel stability and assessed spawning gravels. Beak
conducted the other technical studies.

Special thanks are extended to Mike Aceituno of the U.S. Fish and
Wildlife Service for the analysis of instream flow using PHABSIM
for steelhead trout.

f~artment of Fish and Game staff who provided supervision,

Nelson, John Turner, Bob Orcutt, Gary Smith, Cindy Chadwick, Dan
direction, and review include Jerry Mensch, Mike Meinz, John

Odenweller, Fred Meyer, and Jim Schuler. Lynn Wixom compiled this

I
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APPENDIX II I
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Table II-1.

I Chinook salmon fry, juvenile, and spawning total
.... weighted usable area (x 1,000 sq ft) by discharge

for the Yuba River study area (Figure 22).

I Discharge Fry Juvenile Spawning

100 6119.01 8144.32 1468.01

I 150 5691.41 8654.69 2405.07
200 5048.92 8651.37 3358.50
250 4439.91 8445.81 4138.33

i 300 3966.88 8228.76 4799.81
350 3495.10 7946.99 5314.69
400 3134.27 7513.10 5684.37
450 2892.17 6979.46 5889.18I 500 2623.78 6577.25 5985.01
600 2164.46 5564.47 6067.15
700 1801.38 4627.56 5979.49

I 800 1546.31 3949.60 5765.47
900 1384.86 3473.64 5400.60

1000 1277.66 3106.53 5010.50
1250 1126.87 2599.56 4058.54

I 1500
993.98 2211.39 3094.06

750 926.80 200935 2344.99
2000 870.66 1864.27 1780.38

l 2500 735.77 1654.39 1281.31
1
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Simpson Lane Daguerre Garcia Toua~
Discharge Bridge Point Dam Gravel Pit Narrows River

100 679.35 2962.28 2441.54 35.84 6119.01
150 654.39 2800.60 2193.53 42.89 5691.41
200 582 07 2496.36

1922.96 47.~
5048 ~

250 494 ~ 84 2181.13 711.34 52 4439 ~
300 434.68 1947.26 1528.30 56.65 3966.88
350 378.23 1721.53 1344.41 50.92 3495.10
400 331.94 1504.38 1252.36 45.59 3134.27
450 289.22 1333.86 1228.39 40.70 2892.17
500 265.38 1181.17 1139.86 37.37 2623.78
600 230.42 910.42 990.85 32.77 2164.46
700 212.63 720.02 841.03 27.70 1801.38
800 196.88 613.90 709.46 26.07 1546.31
900 183.03 561.22 612.94 27.67 1384.86

1000 167.87 538.39 541.38 30.02 1277.66
1250 152.39 445.48 495.70 33.30 1126.87
1500 136.00 371.34 450.15 36.48 993.98
1750 122.94 352.62 411.92 39.33 926.80
2000 114.13 328.20 386.55 41.79 870.66
2500 95.99 265.11 332.04 42.63 735.77

TableZZ-2b.
Chinook salmon fry total weighted usable area

1,000 sg ft) by discharge for the Yuba River
study area and by habitat type (Figure 23}.

Low .Gradient Run/ Shallow Deep Total
Discharge Riffle GlAde Pool Pool River

100 632.71 2577.74 1903.54 1005.02 6119.01
150 567.76 2291.27 1876.91 955.48 5691.41
200 482.83 1939.60 1766.05 860.45 5048.92
250 411.43 1658.67 1592.71 777.10 4439.91
300 360.23 1492.41 1390.89 723.36 3966.88
350 311.86 1292 10 1237 80 653.34 349~5.10
400 269.23 1180.67 1096.30 588.07 313~.27
450 238.65 1134.43 976.27 542.82 2892.17
500 214.79 1029.75 868.62 510.62 2623.78
600 184.18 855.52 647.45 477.31 2164.46
700 158.83 720.43 480.01 442.12 1801.38
800 130.78 607.31 393.74 414.48

1546.31900 109.04 534.46 342.73 398.62 384 86
1000 103.25 475.40 311.97 387.03 1277.66
1250 114.99 420.39 239.38 352.10 1126.87
1500

11~.78
355 98.

196.20
323.02 993.98

1750 .15 332.79 85.53 294.33 926.80
2000 103.36 331.21 171.98 264.12 870.66
2500 81.71 297.21 152.58 204.28 735.77

-131-

¯

C--066903
C-066903



Chinook salmon juvenile total weighted u~able area
1,000 ft) by discharge for the Yuba Riversq

study area and by study reach (Figure 24}.

Simpson Lane Daguerre Garcia Total
Discharge Bridge Point Dam Gravel Pit Narrows      River

100 370.61 .3411.39 4353.44 8.88    8144.32
150 440.46 3706.58 4498.30 9.36 8654.69
200 457.20 3745.10 4439.22 9.85 8651.37
250 447.54 3651.67 4336.25 10.35 8445.81
300 418.92 3426.06 4372.95 I0.83 8228.76
350 386.73 3156.53 4394.45 9.28 7946.99
400 355.17 2907.60 4242.74 7.60 7513.10
450 327.56 2682.54 3962.78 6.57 6979.46
500 302.69 2490.80 3777.48 6.27 6577.25
600 248.49 2153.86 3156.13 5.99 5564.47
700 196.63 1814.06 2610.78 6. I0 4627.56
800 158.90 1550.69 2233.87 6.13 3949.60
900 136.35 1340.16 1990.60 6.53 3473.64

1000 122.87 1183.70 1792.90 7.07 31 06.53
1250 102.66 1008.76 1480.03 8.11 2599.56
1500 91.73 915.62 1194.18 9.86 2211 .39
1750 79.50 868.29 1050.16 11.40 2009.35
2000 81 46 818.37 951.08 13.37 1864.27
2500 83~46 693.96 862.20 14.77 1654.39

Table II-3b.
Chinook salmon juvenile total weighted usable area

1,000 sq ft) by discharge for the Yuba River
study area and by habitat type (Figure 24).

Low Gradient Run/ Shallow Deep Total
Discharge Riffle Glide Pool Pool River

100 1779.77 4566.25 1456.75 341.55 8144.32
150 1698.~5 4929.79 1638.27 387.67 8654.69
200 1523.32 4946.68 1778.78 402.60 8651.37
250 1329".99 4789.79 1908.08 417.95 8445.81
300 1204.05 4674.54 1924.65 425.51 8228.76
350 1074.52 4639.01 1813 ~ 420.15 7946.99
400 960.11 4451.56 1685~,~ 415.46 7513.10

417.21 6979.46

800 524.82 2145.26 866.86 412.67 3949.60
900 470.11 1861.64 733.65 408.25 3473.64

IOOO
435.12

1646.54
620.82 404.05 3106.53

250 448.63 274.58 463.11 413.24 2599.56
1500 392.59 1033.13 386.66 399.01 2211.39
1750 369.50 871.45 352.95 415.45 2009.35
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1,000 Sq ft) by discharge :~Dr the YuDa ~ver
study area and by study reach (Figure 25).

Simpson Lane Daguerre Garcia Total 1
~ischar~e Bridge Point Dam Gravel Pit Narrows River

100 29.26 476.11 962.63 0.00 1468.01 ...... I
150 43.59 882.13 1479.35 0.00 2405.07
200 59.84 1339.70 1958.95 0.00 3358.50
250 78.62 1740.51 2319.20 0.00 4138.33 ¯
300 99.30 2107.38 2593.13 0.00 4799.81
350 118.51 2385.06 2811.12 0.00 5314.69
400 132.88 2532.43 3019.06 0.00 5684.37 1
450 144.64 2584.02 3160.51 0.00 5889 18
500 153.99 2575.97 3255.06 0.00 5985.01
600 168.14 2504.96 3394.05

~.00
600?.15 I700 176.34 2353.40 3449.75 .00 5979.49

800 171.43 2186.72 3407 31 0 O0 5765 47
900 157.69 1996.61 3246.30 0.00 5400.60

1000 139.05 1806.48 3064.96 0.00 5010.50 I
1250 88.79 1372.37 2597.38 0.00 4058.54

2500 9.06 643.93 628.32 0.00 1281.31

Table II-4b. 1Chinook salmon spawning total weighted usable area
1,000 sq ft) by discharge for the Yuba River

study area and by habitat type (Figure 25).
I

Low Gradient Run/ Shallow Deep Total
Dischar~ Riffle Glide Pool Pool River

100 463.76 831.67 123.70 48.88 1468.01
150 811.26 1377.92 168.20 47.68 2405.07
200 1130.05 1949.97 229.17 49.32 3358.50 1
250 1368.69 2415.82 301.39 52.43 4138.33
300 1534.20 2834.20 373.35 58.06 4799.81
350 !630~31 3171.53 448.86 63.99 5314.69 ¯
400 1695~63 3396.73 520.78 71.24 5684.37
450 1687.93 3549.50 575.15 76.60 5889.18
500 1601.29 3690.00 611.72 82.01 5985.01
600 1419.61 3903.17 657.73 86.64 6067.15 ¯
700 1198.55 3993.55 696 91 90.49 5979.49
800 1047.81 3886.60 736.39 94.68 5765.47
900 928.60 3631.37 741.96 98.67 5400.60 I

1000 837.98 3357.45 710.85 104.21 5010.50
1250 665.67 2703.10 578.72 111.05 4058.54
1500 535.69 2013.44 426.18 118.75 3094.06 ¯
1750 460.57 1416.69 341 63 126.11 2344 99
2000 394.78 951.75 292.79 141.06 1780.38
2500 300.97 593.47 223.03 163.83 1281.31
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Table II-5.
Transect unweighted usable area (sq ft/lO00 lineal ft of stream)
and total habitat type and reach weighted usable area (sq ftx
1,000) for chinook salmon fry In the lower Yuba River.

SIMPSON LANE STUDY REACH
TRANSECT 1 2 3 4 5 6 7 0 9 TOTALS
HABITAT TYPE LGR R/~ R/G SP SP DP DP DP DP LGR          R/G            SP            DP    REACH
DISTANCE (f1) 400 1050 1050 1400 1403 3300 3300 3300 3300 400 2100 2800 13200 18500

Discharge (cls) Unwetolded Resull$ ol PHABSIM (sq It/t000 II) ~ ~,, Welghled Usable Area (sq II) In Ihousands

50 2025 104621 139323 117888 47746 9684 7313 393}’ 22606 i!~,"    1.17 256.04 231.89 143.68 632.77
100 1524(i 12201? 149195 100993 38008 12278 9855 6124 30495 !i ,., 8.10 284.7? 194.60 193.88 679.35
150 29699 116954 145781 89426 29560 12883 12241 ??35 27764 ~’;’ ¯ 11.88 275.88 168.58 200.05 654.39
200 367.50 102502 1323:35 74411 22268 14009 11063 1055 24042 :., ’:, 14.70 248.58 135.43 185.36 582.07
250 37}’13 81053 114914 82268 17801 14548 10892 5022 18591

i; -
16.09 205.78 112.11 161.88 494.84

300 .5~186 ~5388 97515 50~’]8 18331 14400 10845 4483 I}’372 ~iiii~ 14.47 171.03 83.76 155.43 434.68
350 318~’ r~934 80525 42562 14827 13396 10995 3992 15239 ,:,:~, 12.15 141.18 80.34 143.95 378.23
400 2880? 43632 65895 36600 11473 13307 11270 3326 13949 ~.-~.~::11.52 115.00 8?.30 138.11 331.94
450 25051 35380 63179 27931 10662 13060 11419 2312 13245 i~.!!, ! 10.02 82.99 54.03 132.,18 289.22

600 1869~ 2017s 28226 17246 9391 11313 10477 5078 13987 ..... ,~:~ 7.48 80.82 3?.29 134,82 230.42
700 16953 14540 22425 14641 8994 11464 10358 5969 12921 "~’L:’: ¯6.~ 38.61 33.09 134.35 212.63
800 12658 11204 18597 12099 6478 11495 10223 5924 12269 5.06 31.29 26,81 131.72 196,88
900 8861 8699 14440 10770 6156 11333 10125 56?8 11662 3.54 24.38 26.50 128.70 183,03

1900 6063 6578 11493 9700 6060 10980 8258 6016 11597 2.43 18.9~’ 24.88 121.81 157’.87
1250 2706 2863 6263 8009 7128 10147’ 9168 6157 11053 i~,, ! 1.08 9.58 21.19 120.53 152.39
1500 2180 1201 3700 6056 5078 8738 9490 6142 10295 !~’ :! 0.87 5.15 15.59 114.39 136.00
1750 2614 1443 25~ 5256 6083 7692 9368 6714 6464 ~: ,I!~ 1.05 4.33 14.48 103.09 122.94
2000 2961 1933 2307 4563 6291 7398 893~’ 5034 7326 ’~ ~ 1.18 4.45 13,80 94.70 114.13
2500 3571 1669 217~’ 3910 5560 6058 6021 3482 5852 ~. 1.43 4.04 13.25 77.26 95.99
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Table II-6.
Transect unwe$ghted usable area {sq ft/lO00 lineal ft of stream}
and total habitat type and reach weighted usable area (sq ftx
lwO00) for chinook salmon Juveniles In the lower Yuba River.

SIMPSON LANE STUDY REACH
TRANSECT ’~ ..... 2 3 4 5 8 1 8 9 .... . TOTAL8
HABITAT TYPE LOR RK) R/G SP SP DP OP OP DP " ¯ LGR P.~            SP            OP    REACH
OISTANCE (it) 400 1050 1050 1400 1400 3300 3300 3300 3.300 .... 4. ,0~. .... 2100 2800 13200 18500

Discharge (cls|                       Unw~iOhled Results ol PHABSIM (sq IUIO00 It)              ~i,      Weighted Usable Area (sq II) In thousands

60 29118 02942 83710 26800 8498 2092 1633 034 4905 ;i " 11.65 153.98 49.43 31.57 246.62
IOO 73737 137483 106560 28629 7606 2,~87 19,08 1102 4849 I. 29.49 256.24 50.73 34.14 370.61
150 118816 165465 129638 28116 6779 2763 2250 1163 4559 ~.- 46.33 309.86 48.85 35.42 440.46
200 14134:2 162981 139709 27400 8930 3277 2474 055 4257 :" ¯ 56.54 317.82 46.66 36.18 457.20
250 145454 156052 134738 27861 6643 3469 2685 655 4242 ~, ’ 58.16 305.33 46.90 37.13 447.54

I 300 139673 143626 124021 26906 5305 3444 2935 788 3998 ,:’,~; 65.95 281:03 45.10 36.84 418.92
~ 350 127448 f30470 114446 24610 6198 3517 3248 743 3658 .: 50.98 257.17 41.73 36.85 386.73
t 400 115991 118325 105139 20935 4770 3673 3626 798 3474 . 46.40 234.64 35.99 38.15 355.17

450 105024 107534 96865 17956 4252 3819 3829 876 3550 i ~ i 42.01 214.62 31.09 39.64 327.56
500 95094 98134 88358 15969 3817 4057 3744 982 3683 !! 38.04 195.82 27.70 41.14 302 £9
600 73780 75484 70393 12179 2965 4471 3141 1594 4313 ’~! 29.51 153.17 21.20 44.61 248.49
700 56243 53030 52071 10091 2529 4809 3070 1667 4426 ~ 22.50 110.38 17.67 46.11 196.63
800 42007 36725 37500 8378 2442 4960 3440 1018 4635 :- 16.80 77.94 15.15 49.02 158.90
DO0 31085 27063 27633 7903 2449 5004 3939 2005 4806 12.43 57.43 14.49 51.99 136.35

1000 23610 21409 :21043 78.7~ 2445 5263 ’ 4122 2126 4950 9.53 44.57 14.44 54.32 122.87
1250 13458 11746 10865 7403 3306 5213 4265 2707 5555 5.38 23.74 14.99 58.54 102.66
f500 7047 7807 7058 6223 3204 4582 4554 279f 6190 3.14 15.61 13.20 59,79 91.73
1750 6023 5387 6044 4668 2501 4316 5032 2585 5066 2.41 10.95 10.04 56.10 79.50
2000 5438 4915 3830 4143 2461 5372 6111 2526 4332 2.17 9,18 9.25 60.85 81.46
2500 5299 4111 2748 3820 2859 5981 7347 2053 4271 2.12 7.20 9.35 64.79 83.46
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Table II-?.
Transect unwelgh-tl~d usable area (sq ft/lO00 lineal ft of stream)
and total habitat type and reach weighted usable area ~sq ft x
1,000) for chinook salmon spawning in the lower Yuba.Rlver.

SIMPSON LANE STUDY REACH
TFIANSECT ! 2 3 4 5 6 7 B 9 TOTALS
HABITAT TYPE LGR P,/G RE] SP SP DP DP . DP OP "’ LGR FI/G            EP            DP    REACH
DISTANCE (It) 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500

DIschlxl~ (c#$) Unw~ghlKI Resull$ ol PHABSIM (KI fl/1000 It) Welght~KI Usabl~ A~ea (sq II) In thousands

50 3650 4137 6161 3899 723 I" 0 0 0 " 1.46 10.83 6,47 0.05 18.77
100 15006 6852 9426 3807 589 4 0 0 0 ~i.: 6.00 17.09 6.15 0.01 29.26
150 34049 10622 12338 3689 482 6 O 0 0 ., 13.62 24.11 5.84 0,02 43.59
200 54151 15084 15026 3662" 405 9 0 0 0 21.60 32.46 5.69 0.03 59.84

250 75258 22257 19033 4030 355 22 0 0 0 " 30.10 42.30 6.14 0.07 78.62
300 96383 30676 21351 3970 315 37 0 0 0, .~ 38.55 54.63 6.05 0.12 99.30

: ’ 45.47 67.47 5.40 0.17 118.51350 113680 38859 25399 3577 280 51 0 0 0

400 126465 43794 29906 3120 258 64 0 0 0 ’ 50.59 77.38 4.73 0.18 132.88

450 135709 47390 34478 2783 231 64 0 0 0

500 141767’ 64)163 38558 2600 211 55 0 0 0 56,71 93.16 3.94 0.18 153.99

605 144521 53172 45417 2303 175 58 0 0 0 ... 57.81 106.67 3.47 0.19 168.14

700 141635 54517 56105 2197 175 64 0 0 0 ." ~i 66.65 116.15 3.32 0.21 176.34

805 134636 53474 55271 210"I 163 68 0 O 0 53.65 114.10 3.17 0.23 171.43

90Q 121634 60011 50151 1971 161 75 0 0 0 46.65 105.80 2.98 0.25 157.69
1000 105175 45653 43537 1867 172 61 0 0 0 42.07 93.86" 2.85 0.27 139.1)5

1250 61599 31325 27522 1333 173 75 O 0 0 24.64 61.79 2.11 0.25 88.79

1500 35561 21168 17051 244 179 95 0 0 0 14.23 40.13 0.59 0.31 55.20

1750 21616 13953 10664 246 195 114 0 0 0 8.65 25.65 0.62 0.38 35.49

2000 11845 0934 5637 254 251 130 O 0 0 4.74 15.51 0.72 0.43 21.39

2500 2032 4948 1764 239 227 157 0 0 0 1.13 6.75 0.65 0.52 9.06
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Table I1-8.
Transect unwe!ghted usable area (sq ft/1000 lineal ft of stream|
and total habitat type and reach weighted usable area (sq ftx
1,000) for chinook salmon fry in the lower Yuba River.

DAOUERRE POINI" DAM STUDY REACH
TRANSECT ! 2 3 4 5 6 7 TOTALS
HABITAT TYPE L(]IR LOR ~ R/O SP SP DP LQR     P,/G      SP      DP REACH
DISTANCE (11) 3068 3088 8538 8538 4688 4688 8775 6175    17075 9375 8775    41400

DIscharge (cls) Unweighled’Resulls of PHABSIM (sq 11/1000 II) Weighted Usable Area (sq It) in thousands

50 63~9 4649}’ 59222 120446 57384 73566 39334 ¯ 340.78 1534.02 613.89 345.15 2833.84
100 77382 34805 69190 110234 02240 90428 31276 346.43 1531.92 809.47 274.45 2962.28
150 70593 34022 69819 92492 98049 100203 28229 323.05 1300.43 929.40 247.71 2800.60
200 63378 30180 45613 71216 104471 107363 24716 288.91 997.49 993.08 216.68 2496.36
259 56838 23204 38801 49000 100454 109996 22533 .... 247.17 749.64 996.59 197.73 2181.13
300 50996 18996 31612 40218 92818 105092 21657 ~ i" 216.13 613.28 927.60 190.04 1947.26’
350 47355 15512 24994 33160 85686 97211 19768 !~:. 194.13 496.52 857.42 173.46 1721.53
400 42768 13416 19721 26375 77659 67072 16857 : :. 173.56 410.64 772,26 147.92 1504.39
450 39610 11373 15307 25238 70420 77455 15610 157.46 346.17 693.24 136.98 13:~3.86
500 36032 10129 11671 21891 64064 68019 15142 142.54 286.55 619.20 132.87 1181.17
600 30340 8194 6167 15033 47751 49074 15889 "" 118.99 198.68 453.92 139.42 910.42
700 24780 6581 6455 12581 37755 31982 15236 96.64 162.53 326,92 133.72 720.02
600 20504 5310 4555 lf098 32143 26175 14489 79.71 133.64 273.39 127.14 613.99
gO0 17332 3837 3922 10880 28081 22951 14841 65.37 126.38 239,24 130.23 561.22

1000 15362 2723 4118 10709 26232 20459 15619 55.84 126,59 218,89 137.06 538.39
1250 11170 1647 4640 9960 19197 13945 14345 39.58 124.68 155.37 125.88 445,48
1500 7873 1490 5370 8660 16081 10571 11133~! 28.91 119.79 124.94 97.70 371.34
1750 6110 1350 7724 7015 14654 10276 9899 23,03 125.85 116,87 86,87 352.62
2000 4792 694 8608 7464 12930 9552 7803 16.94 137.39 105,39 68.47 928.20
2500 3600 1040 8969 4952 8792 9616 5200 t4.33 118.85 86.29 45.63 265.11
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Table I1-10.
Transect unwe~ghted usable area (sq ft/lO00 lineal ft of stream)
and total habitat type and reach weighted usable area ~sq ftx
1,000} for chinook salmon spawning In the lower Yuba River.

DAGUEflRE POINT DAM STUDY REACH
TRANSECT l 2 3 4 S 6 1 TOTAL8
HABITAT TYPE LGR LGFI FI/G ~ SP 8P DP LGFI FUG               SP              DP       REACH
DISTANCE(It) 3088 3088 8538 8538 4688 4688 8775 5175 17075 9375 8775 41400

DI~cherge (eli) UnwM0hlzd Resulls o1PHABSIM (I;q II/10(X) It) Welghled Usable Area (sq ll) In Ihousand$

5Q 3223 5897 4328 10695 4987 3973 2993 20.16 128.27 42.01 26.28 224.70
100 16895 27324 13195 16071 5160 4788 2960 , 136.55 266.95 46.64 25.97 476.11
150 47990 60948 27825 27083 5849 5810 2538 ’ 336.40 468.81 54.86 22.27 882.13
200 84417 18138 45493 42124 7538 7173 2359 : 501.97 748.07 68.96 20.70 1339.70
250 109067 91711 59118 60066 9282 8464 2248 826.00 1017.59 83.29 19.72 1740.51 ~O

300 126042 103637 67029 03027 10795 9623 2313 709.25 1201.10 96.66 29.29 2107.38
350 13,3037 114025 72786 I0f933 11927 11315 2442 762.93 1491.75 108.96 21,42 2385.0~
400 138023 124239 77716 106974 13004 13106 2652 509.86 1576.88 122.41 23.27 2532.43 I
4~0 137293 131500 80853 105181 14777 15475 2713 830,03 1588.36 141.82 23.81 2584.02 O
500 129283 131145 83907 101659 16874 10042 2702 804.20 1584.37 163.69 23,71 2575.97
600 ~19216 118223 87265 93077 22124 22528 2583 733.21 1539.76 209.33 22.66 2504,96
700 102148 97446 84914 84697 29989 26702 2638 616.35 1448.14 265.77 23,15 2353.40
800 94162 81097 73495 77764 38093 31982 2971 541.20 1290.94 328.51 26.07 2186.72
900 53925 72423 61898 69695 41410 35825 3213 482.80 1123,54 362.08 28.19 1996.6!

1000 76552 63845 5363~’ 61565 41522 34396 3811 433.55 983.60 355.99 33.44 1806.48
1250 640439 48816 3918~’ 41:)60 36362 26671 4614 348.68 687.71 295.50 40.49 1372.37
1500 53496 35501 26777 31984 32267 18502 5340 274.82 501.70 238.00 46.86 1061.39
1750 45477 24626 17313 28653 30149 12671 6108 216.48 392.46 200.74 53.59 863.27
2000 41182 15339 14829 27219 28946 8898 7555 174.54 359.01 177.41 66.30 777.~6
2500 31259 6594 9748 26099 25588 4112 9315 116.89 306.08 139.23 81.74 643.93
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Table II-11.
Transect unwe!qhted usable area (sq ft/lO00 lineal ft of stream)
and total habitat type and reach weiqhted usable area (sq ftx
lwO00) for chinook salmon fry in the lower Yuba River.

GAliCIA GRAVEL PIT STUDY REACH
TRANSECT | 2 3 4 5 8 1 6 0 TOTALS
HABITAT TYPE LGR R/G R/G SP SP DP DP DP LGR " " ~.GR R/Q               SP              DP       REACH
DfSTANCE (11~) 6813 13413 13413 ,3700 3700 2850 2850 2850 6813 13625 26825 7400 8550 56400

Discharge (cls)                        Unwetghled Resulls ol PHABSIM (sq 11/1000 II)            , ,.,~        Wetghled Usable/U’ea (sq II) In thousands

100 19119 5241 51498 118255 124844 62914 43351 49472 22005 ’~?!,i 290.16 161.05 899.47 500.65 2441.54
150 131TI 6129 47174 105019 106041 75539 46516 41040 20397 .~, ~, 2"32.82 714.96 780.92 464.83 2193.53
200 8611 ~323 43532 83541 65760 63919 460~9 34089 17634 ;., ~, 178.22 605.53 837.54 410.68 1922.08
2r-_-_-_-_-_-_-_-_~)60~0 934}’ 43085 62720 70796 54760 44872 ¯ 28409 15815 -." ,: 149.17 703.21 494.01 364.89 1711.34
300 5034 12406 40385 41572 .58240 46729 42792 23194 13994 :~:: 129.63 706.10 369.33 321.24 1528.30

! 350 3104 |5274 33515 3465| 47040 41014 39583 19404 12304 ’, ::i t04.98 654.39 300.04 285.01 1344.41 O")

~ 400 ’1759 ~.o0519 26317 31015 38374 35130 37124 17725 10592 .,i. 84.15 655.03 256.74 258.44 1252.36
o 450 1499 26709 25126 27693 34199 30206 35091 16443 8947 ~iI~’ 71.17 695.21 229.00 232.9,8 1228.39I -

500 1375 27884 21834 24530 30463 25096 32140 14656 7913
:~~’ ~

63.28 668.21 203.47 204.89 1139.86
6o0 1566 28298 16928 18685 23,542 20344 26227 11101 6904 ,~, :: 57.71 608.61 156.24 170.29 990.85 i
708 1865 25909 12791 13578 188,54 10593 23661 9097 6296 ,’-.~.i 55.60 519.08 120.08 146.35 641.03

0:!i~l,’:’ 46.00 442.37 91.54 129.55 709.46808 1488 23153 9828 9161’ 15574 17705 19847 7903 5264
900 1255 29276 8337 7972 12837 15567 18024 6716 4635 ::" ~ 40.13 383.79 76.99 112.02 612.94

1008 1160 17284 7307 773~ 10701 14038 15453 6016 5443 !" 44.98 329.64 68.22 98.34 541.38
1250 1422 16281 5053 8698 828| 12123 10321 2957 9489 74.34 286.15 62.82 72,39 495.70
1590 858 |4127 3099 7988 7051, |1T33 9955 4435 12204 i’,: ,~! 88.99 231.04 55.65 74.45 450.15
1750 450 11461 3624 9235 6410 12502 8617 2205 12771 L:~: 90.07 202.61 54.18 65.05 411.92
2000 796 10695 3423 9591 4671’ 12284 6856 1617 11712

: i;~..i!
85.23 189.36 52.79 59.16 386.55

2500 1534 |0132 2864 9952 4379 7834 4664 1098 8146 i~ : 6,5.65 174.32 53.03 38.75 332.04
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Table II-12.

Transect unwelghted usable area (sq ft/lO00 lineal ft of stream)
and total habStat type and reach weighted usable area (sq ftx
1,OOO) for chinook salmo. Juveniles In the lower Yuba River.

GARC1A GRAVEL PIT 6TUDY REACH
TRANSECT | 2 3 4 5 8 7 8 9 TOTAL~
HABITAT TYPE LGR RIG ~ . 8P 8P DP DP DP LGR !:              LGR             P,/Q              SP              DP       REACH
DISTANCE (fl) 6813 13413 13413 3700 3700 2850 2850 2850 6813 " 13625 26825 7400 8550 564OC

s.ch..O. � ,,000,)

50

150 59507 8(;50~’ 132262 153941 135050 41185 18890 32607 7278)’ ~ii:’ i D01.18 2263,)’0 1069.2)’ 264.14 4498o3~
200 48104 40405 137577 147)’40 " 131706 42940 22661 31343 62764 ~ ’.’i 741.72 2387.20 1033,95 276.29 4439.2; ,r-
250 35259 48653 133940 138708 127449 38782 26)’64 131718 56499 i~t:.i 625.15 2449.12 984,)’8 277.20 4336.2! O’)

I 300 29845 6085~ 133225 128200 120073 36967 31177 30230 53933 ili~::.~i5).0.78 2603.20 918.61 280.38 4372.~
~ 350 25342 T/’681 130443 111652 109012 34918 3,333~ 28945 49429 :",~:; it~509.42 2791.56 816.46 277.02 4394,4]
~ 400 19663 90560 118649 95983 96730 34229 34186 2"/728 46326 ’~:i:’*;.:’449.58 2806.11 713.04 274.01 4242.7,

50Q 13130 106841 90358 71391 68712 31993 34658 29402 36822 340.32 2645.02 518.38 273.75 3777.4~
600 12494 96091 68607 52944 51398 29608 33783 25346 3278!],:,:~:~:, ~ .306.46 2209.09 385.70 252.88 3158.I 0

700 12042 79105 54437 39253 41494 29024 83587 22187 28889 ~i:i~:’~,279.14 1791.20 298.76 241.67 2810.7
800 11749 67054 44123 30490 36828 28314 31282 20090 27363 ;:!:!,!i 266.47 1491.22 249.08 22)..10 2233.8
900 0505 59131 38183 25389 32328 27301 30031 19768 27483 t’i~i 252.00 1305.27 213.55 219.79 1990.6

1008 9228 52419 32995 23150 27999 25467 30315 16929 27502
I~ .ili

250.79 1145.6). 169.22 207.23 1792.9
1250 10105 38679 23429 19447 21340 24443 24633 13699 36357 ii’",’ 31)’.16 933.05 150.91 170.91 1400f,
1500 7065 27964 16046 16599 17008 24422 23f15 13370 35954 ~ ~ 298.54 590.31 131.75 173.50 1194
1750 6707 20070 13468 17691 14916 26054 23619 13691 38095 .]" .~] 290.97 449.90 126.65 160.59 1050
2000 6697 15909 12263 16043 12622 24472 20293 9044 39069 - 310.44 379.94 106.08 155.64 9,~ 1 .(’,
2500 999)’ 14198 10704 13450 f flU6 22634 17643 6321 34519 ~--: :i~303.20 334.05 91,15 132.80 062.?

Revised 11/1/89



Table 11-13.
Transect unwe~ghted usable area (sq ft/lO00 lineal ft of stream)
and total habitat type and reach weighted usable area (sq ftx
1,O00) for chinook salmon spawnlng in the lower Yuba River.

GARCIA GRAVEL PIT 8TUOY REACH
TRANSECT 1 2 = 4 5 6 7 8 9 .... . TOTALS
HABITAT TYPE LGR P,/G R/G SP SP DP DP DP LGR LQR    . R/G      SP      DP REACH
DISTANCE (rf) 6~13 13413 13413 3700 3700 2850 2850 2850 6813 ~,,~-.~i 1,3625    26825 7400 8550    56400

Discharge (cls) Unwelghl~d Resull| ol PHABSIM (sq ll/1000 fl) ~; ,,r~ Welohled Usable Area (sq ft) In Ihousands

50
100 Lr/2 21287 19541 10251 8912 =137 1429 3469 46874    321.21 647.82 70.90 22.90 962.63
150 855 =1893 340(]8 16236 12872 3152 1508 4250 67146 ~’;t 461.24 885,01 101,10 25.39 1478.35
~o 676 40347 46840 24742 17017 3387 1610 5033 88131,.,~’#~.. 606.42 1169.44 154.81 28.69 1958.95 ,~’
250 195~ 45261 55830 34998 22313 3585 1761 " 6105 104386 ~.,~,; 718.58 1355.93 212.05 32.63 2319.20
300 1187 48195 63517 43929 29232 3911 1857 7441 114240 . ; 768.40 1498,39 270.70 37.64 2593.13
350 1225 61300 68904 54070 36336 4137 1945 8793 119415

~:’~i 821.92 1612,31 334.50 42.40 2811.12
400 1214 65967 73942 63820 42566 4392 2014 10363 121372 ";’ ~ ~O’,~,~: 635.18 1742.46 393.63 47.79 3019.06
450 |149 81149 78654 69019 46956 4594 2150 1171e 116604 :!~i~~.,,¢eo~.el le75.1e 429.1| 62.62 3160.51
508 H93 S64~1 6161e 69191 50835 6082 2356 12953 107571-!:~ 740.38 2012,41 444.09 58.11 3255.05
600 1048 82383 8,5868 66354 53896 6069 2793 13520 91215~:.~,~i~’;’~:628.59 2256.75 444.93 63.79 3394.05
700 829 94650 86462 63332 82295 7316 3306 12930 76310 ~!’~,~ 625.59 2429,20 421.62 67.12 3448.79
800 67= 100576 64429 60145 49234 6489 3763 11722 " 65782 .~.~ 452.75 2481.46 404.70 08.38 3407.31
908 66~ 0Tt76 81306 66719 45145 ~948 4186 10508 57724 ~::,.~. 897.14 2402,03 376.90 70.23 3246.30

1000 484 02959 77025 63684 41476 11289 4384 9066 52704 ~.~ ~,:,;’362.37 2280,00 35P.09 70.51 3064.96~,.~,

1250 462 83017 62633 41795 34182 14513 4087 6063 42446 :.,~ ’:~ 292.34 1953.61 281.11 70.32 2597.3~

1750 393 46996 27430 15661 + 22251 17865 4641 2804 34166 ~:...,.:~+ 235.45 998.38 140.27 72.14 1446.23
2000 365 23941 19095 12133 18656 17832 8564 2686 31257 ~;: ,~ 215.51 577.93 114.66 74.33 981.73

2500 209 10337 10587 6522 13949 17900 632~ 2359 26644 ~i : 182.99 280.65 ~3.14 81.58 628,32

, ;,,;,,;
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Table 11-14.
Transect unweighted usable.area (sq ft/lO00 llneal ft of stream}
and total habitat type and reach weighted usable area (sq £t x
1,000} for chinook salmon fry in the lower Yuba River.

NARR(~8 STUDY REACH
TRANSE~r I 2 3 4 5 6 .... ! TOTALS
HABITAT’I’YPE DP DP DP DP DP DP "" DP           REACH
DISTANCE (11) 1463 1463 1463 1463 1463 1463 " 8775 8775

DiichMge (ell) Unwelghled Results ol PHABSIM (sq II/1000 II) ~, WUA (Ihousimds)

100 0 176 2710 4915 1375~ 2932 ’ 35.84 35.84
150 0 280 2624 6658 15691 4065 ~ i 42.89 42.B9
L~00 0 353 2780 8425 16108 4824

i,~ : !
47.53 47.53

250 0 428 2824 9747 16389 4564 ~ 52.60 52.60 ~O

300 0 508 2745 10604 21158 3706 ,~.~. 56.65 56.65
350 4 593 1730 10173 19175 3133 !t:" :: 50.92 50.92
400 16 681 1778 9277 17158 2255 !,:, 45.59 45.59

800 126 844 1870 7815 13810 1082 . 37.37 37.37
600 212 1064 1919 6670 1106/’ 1461 :" 32.77 32.77
700 315 1263 1736 5874 7973 1773 -’. 27.70 27.70
B00 432 1407 1634 3330 8937 2078 :i 26.07 26.07
g00 542 1545 1492 3427 9491 2419 ~ 27.67 27.67

1000 621 1877 1877 3647 9908 2789 I 30.02 30.02
1250 829 1729 2688 4350 0822 3343 ’ 33.30 33.30
1500 1055 1630 2994 4852 10584 3823 ~ 36.48 36.48
1750 1297 1521 3264 4864 11688 4248 39.33 39.33
2000 1558 1399 3400 4873 12697 4636 41,79 41.79
2500 296| 522 2574 5541 13143 5301 42.63 42.63
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T~ % II-15.

Transect unweiqhted usable area (sq ft/1000 lineal ft of streau}
and total hab|~at type and reach weighted usable area (sq ft
1,000) for chinook salmon ~uveniles in the lower Yuba River.

NAP, ROWS STUDY REACH
TRANSECT 1 2 3 4 5 9 .~" i TOTALS
HABITAT TYPE DP DP DP DP DP OP ¯ DP           REACH
DISTANCE (It) 1463 1463 1463 1463 1463 1463 "’" 8775 8775

I~ch~oe (cfe) Uflwolghlod Rosull$ of PHABSIM (sq It/10GO fl) i; :’ ! WUA (Iho~sands)

150 0 112 740 1504 3270 772 !’i 9,36 9.38

250 :3 149 519 1954 3812 839 ~ "~’~’ 10.35 10.35
~eo 6 lr~ 442 2155 40~z r~2 ii~ ~o.e3 10.03                              =
350 16 103 394 1027 3460 4sS ~,~ 9.28 9.29 i~-4® 27 160 2.6 352 7.. 7.®
450 41 217 374 1279 2259 :)24 ~!i 6.57 6.57 ~:>
508 55 228 346 1213 2171 275 ;’~ 6.27 6.27 ’

600 132 267 292 1108 2001 296 : ,~ 5.99 6.99
700 159 292 309 950 1949 499 i~:i 6.10 6.10
8(X) 181 204 349 95! 1931 697 ~,~ 6.13 6.13
900 203 274 372 910 2095 612 i~i" 6,53 6.53

1000 224 257 400 901 2252 715 !~,~]::.!i 7.07 7.07
1250 275 225 533 1150 2376 679 ~’~ 8.11 8.11
1600 325 216 624 1325 2991 1260 ~;~!i,~ 9.86 9.06
1750 315 203 744 1298 ~19 1557 ~:~.~,~ 11.40 11.40
21XX) 425 185 668 1535 4259 le71 ~,,.::~!! 13.37 13.37
2500 467 119 605 2046 4404 2533 ~;~-:~:i 14.77 14.77
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Table II-17.
total weighted usable area (sq ftx 1,0001 by habitat type

chinook salmon fry in the lower Yuba River.

HABITAT TYPE LGR      R/G       SP      DP     RIVER
DISTANCE (It) 20200 46000 19575 39300 125075

DIIclmroe (cls) Weiohled Usable Area (sq II) in thousands

60
100 632.71 2577.74 1903.54 1005.02 6119.01
150 567.76 2291.27 1876.91 955.48 5691.41
200 482.83 1939.60 1766.05 860.45 6048.92
250 411.43 1658.67 1592.71 777.10 4439.91
300 360.23 1492.41 1390.89 723.36 3966.88
350 311.86 1292.10 1237.80 653.34 3495.10
400 269.23 1180.67 1096.30 688.07 3134.27
450 236.65 1134.43 976.27 542.82 2892.17
600 214.79 1029.75 868.62 610.62 2623.78
600 184.18 855.52 647.45 477.31 2164.46
700 158.83 720.43 480.01 442.12 1801.38
800 130.78 607.31 393.74 414.48 1548.31
900 109.04 534.46 342.73 398.62 1384.86

1000 103.25 475.40 311.97 387.03 1277.66
1250 114.99 420.39 239.38 352.10 1126.87
1500 118.78 355.98 196.20 323.02 993.98
1750 114.15 332.79 185.53 294.33 926.80
2000 103.36 331.21 171.98 264.12 870.66
2500 81.71 297.21 162.58 204.28 735.77
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Table 11-18.
River total weighted usable area (sq fL x 1,0o0) by habitat
for chinook salmon Juventules in the lower Yuba River.

HABITAT TYPE          LGR      R/G       SP       DP    RIVER
DISTANCE (11)          20200    46000     19575    39300    125075

Discharge (cls)              Weighted Usable Area (sq II) ~ thousands

60
100         1779.77 4566.25 1456.75    341.55    8144.32
150         1698.95 4929.79 1638.27    387.67    8654.69                          o’)
200         1523.32 4946.68 1778.78    402.60    8651.37
250         1329.99 4789.79 1908.08    417.95    8445.81
300         1204.05 4674.54 1924.65    425.51    8228.78
350                      1074.52        4639.01        1813.31          420.15          7946.99
400            960.11    4451.58    1685.98     415.46     7513.10
450           866.08 4137.55    1558.62    417.21     6979.48
500           778.79 3936.19    1438.46    423.81     6577.25
600           676.87 3229.10    1235.85    422.65    5564.47
700           584.70 2590.97    1031.39    420.49    4627.56
800           524.82    2145.26    866.86    412.67    3949.60
900            470.11    1861.64     733.65     408.25     3473.64

1000            435.12    1646.54     620.82     404.05     3106.53
1250            448.63    1274.58     463.11     413.24     2599.56
1500            392.69    1033.13     386.66     399.01     2211.39
1750            369.50     871.45     352.95     415.45     2009.35
2000            362.32     795.82     319.23     386.89     1864.27
2500            336.76     757.04     240.92     319.67     1654.39
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Table I1-19.

total weighted usable area (sq ftx 1,000| by.habitat type
chinook salmon spawning in the lower Yuba River

HABITAT TYPE LGR RIG                 SP                DP           RIVER
DISTANCE (It) 20200 46000 19575 39300 125075

Discharge (cls) Weighted Usable Area (sq It) In thousands

50
100 463.76 831.67 123.70 48.88 1468.01
150 811.26 1377.92 166.20 47.68 2405.07
200 1130.05 1949.97 229.17 49,32 3358.50
250 1368.69 2415.82 301.$9 52.43 4138.33
300 1534.20 2834.20 373.35 58.06 4799.81
350 1630.31 3171.53 446.66 63.99 6314.69
400 1695.63 3396.73 620.78 71.24 5684.37
450 1687.93 3549.50 575.15 76.60 5889.18
500 1601.29 3690.00 611.72 82.01 5985.01
600 1419.61 3903.17 657,73 86.64 6067.16
700 1198,55 3993.55 696.91 90.49 5979.49
800 1047.81 3886,60 736.39 94.68 5765.47
900 928,60 3631.37 741.96 96.67 5400.60

1000 837.98 3357.45 710.85 104.21 5010.50
1250 665.67 2703.10 678.72 111.05 4058.54
1600 535.69 2013.44 420.18 118,75 3094.06
1760 480.67 1416.69 341.63 126.11 2344.99
2000 394.78 051.75 292.79 141.06 1780.38
2500 300.97 693.47 223.03 163.83 1281.31
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APPENDIX III

TABLES CORRESPONDING TO WUA FIGURES
IN TEXT FOR

STEELHEAD TROUT

C--066921
(3-066921



Table III-l.
Steelhead fry, Juvenile, and spawning
total weighted usable area (sq ftx 1000)
by discharge for t.he Yuba River study area
(Figure 26).

~ischarge          Fry Juvenile Spawnin~

I00        7595          7994        474
150        7619          9322        972
200                7505                   9865              1543
250                  7109                     9967               2093
300                  6742                     9920               2599
350                6462                   9786              3025
400                  5944                     9547               3390
450                5463                   9219              3693
500                5045                   8821              3914
600        4417          7987       4217
700                  3897                     7105               4355
800        3499          6287       4266
900                3163-                  5518              3976

i000                  2868                     4821               3513
1250        2489          3611       2294
1500                  2240                     3013               1437
1750                2083                   2636                991
2000                  1981                     2423                  841
2500                1842                   2153                 778

I

-150-
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Table III-2a.
Steelhead fry total weighted usable area
(sq ftx 1000) by discharge for the Yuba River
study area and by study reach (Figure 27).

Simpson Daguerre Garcia Total
Discharge Lane Pt. Dam Gravel Pit Narrows River

i00 424 3230 3919 22 7595

150 496 3305 3790 28 7619
200 570 3230 3669 36 7505
250 624 2979 3458 48 7109
300 641 2697 3339 65 6742
350 645 2384 3352 81 6462
400 642 2091 3119 92 5944
450 636 1869 2857 i01 5463
500 627 1682 2626 Ii0 5045
600 605 1437 2246 129 4417
700 576 1298 1878 145 3897
800 544 1182 1616 157 3499
900 517 1133 1349 164 3163

I000 490 1072 1139 167 2868
1250 430 938 951 170 2489
1500 392 824 854 170 2240
1750 359 749 806 169 2083
2000 315 702 797 167 1981
2500 231 688 767 156 1842

Table III-2b.
Steelhead fry total weighted usable area
(sq ftx i000) by discharge for the Yuba River
study area and by habitat type (Figure 27).

Low Gradient Run/ Shallow Deep Total
Discharqe Riffle Glide Pool Pool River

50
I00 1658 4022 1421 494 7595
150 144~ 3935 1604 637 7619
200 12~2 3914 1582 787 7505
250 1006 3724 1495 884 7109
300 831 3583 1382" 948 6742
350 702 3529 1237 995 6462
400 617 3214 1104 1008 5944
450 550 2897 i000 1014 5463
500 509 2608 911 1018 5045
600 462 2146 773 1036 4417
700 417 1789 671 1020 3897
800 457 1434 604 1005 3499
900 454 1164 549 997 3163

i000 417 985 500 968 2868
1250 357 839 410 883 2489
1500 354 736 355 795 2240
1750 332 719 303 729 2083
2000 304 729 274 674 1981
2500 251 778 237 576 1842

C--066923



Table III-3a.
Steelhead Juvenile total weighted usable area
(sq ftx 1000) by discharge for the Yuba River
study area and by study reach (Figure 28).

Simpson Da~uerre     Garcia Total
Discharqe Lane P~.        Dam Gravel Pit Narrows River

50
I00 382 3374 4238 0 7994
150 525 4072 4725 0 9322
200 588 4333 4944 0 9865
250 616 4383 4968 0 9967
300 630 4302 4988 0 9920
350 633 4137 5015 1 9786
400 630 3915 5001 1 9547
450 619 3678 4920 2 9219
500 607 3412 4800 2 8821
600 568 2975 4440 4 7987
700 526 2619 3954 6 7105
800 477 2317 3484 9 6287

i000 395 1883 2530 13 4821
1250 310 1526 1757 18 3611
1500 251 1280 1464 18 3013

2000 199 ~009 1196 19 2423
2500 168 879 1079 27 2153

Table III-3b.
Steelhead juvenile total weighted usable area
(sq ft x I000) by discharge for the Yuba River
study area and by habitat type (Figure 28).

Low Gradient Run/ Shallow Deep Total
Discharqe Riffle Glide Pool Pool River

50
i00 1568 4099 1604 723 7994
150 1747 4612 2082 882 9322
200 1734 4925 2256 950 9865
250 1576 5099 2328 965 9967
300 1384 5221 2349 966 9920
350 1225 5263 2321 978 9786

450 972 5102 2191 954 9219
500 885 4891 2105 940 8821
600 778 4369 1925 915 7987
700 699 3781 1746 880 7105
800 666 3197 1579 845 6287
900 623 2681 1402 812 5518

I000 578 2219 1247 777 4821
1250 499 1485 939 689 3611
1500 455 1217 723 617 3013
1750 429 1067 565 575 2636
2000 415 1005 474 530 2423
2500 392 925 365 470 2153

-152-

C--066~924
C-066924



Table III-4a.
Steelhead spawning total weighted usable area
(sq ft X I000) by discharge for the YuDa River
study area and by study reach (Figure 29).

Simpson Daguerre Garcia Total
Discharqe Lane Pt. Dam Gravel Pit Narrows River

50
i00 1 44 429 0 474
150 2 207 763 0 972
200 6 454 1083 0 1543
250 ii 702 1380 0 2093
300 18 912 1669 0 2599
350 26 1061 1938 0 3025
400 35 1162 2193 0 3390
450 44 1207 2442 0 3693
500 53 1216 2645 0 3914
600 65 1186 2966 0 4217
700 71 1127 3157 0 4355
800 69 1053 3144 0 4266
900 62 970 2944 0 3976

I000 53 872 2588 0 3513
1250 31 676 1587 0 2294
1500 18 520 899 0 1437
1750 ii 441 539 0 991
2000 7 .411 423 0 841
2500 3 403 . 372 0 778

Table III-4b.
Steelhead spawning total weighted usable area
(sq ftx i000) by disc/~arge for ~he Yuba River
study area and by habitat type (Fiq~re 29).

Low Gradient Run/ Shallow Deep Total
DischarGe Riffle Glide Pool Pool River

50
i00 73 401 0 0 474
150 147 822 3 0 972
200 213 1311 19 0 1543
250 258 1772 63 0 2093
300 280 2175 143 0 2599
350 281 2511 232 1 3025
400 266 2802 321 2 3390
450 245 ’3057 386 3 3693
500 221 3260 429 4 3914
600 178 3548 482 9 4217
700 148 3682 511 15 4355
800 133 3589 523 23 4266
900 128 3301 516 31 3976

i000 125 2865 486 37 3513
1250 116 1750 376 51 2294
1500 ii0 994 272 62 1437
1750 116 599 206 , 70 991
2000 148 439 176 78 841
2500 166 371 142 ~8 77~

!
C--066925

C-066925
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Table 111-5.
Traneect weighted usable area (WUk) In square feet per 1,000 lineal feet of
streme ~or steelhead trout fry in the lower Yuba River.

NARROWS STUDY REACH WUA In square feet x I000
TRANSECT I 2 3 4 5 6

HABITAT T~PE DP DP DP DP DP DP I~ACH
DISTANCE 1463 1463 1463 ~463 7463 1463 8778

(cfa)
50

100 1340 1101 2354 3048 3767 3469 22
150 1430 1290 2322 4008 4871 5236 28
200 1521 1480 2439 5119 6234 7501 36
250 1617 1754 2608 7277 7690 11972 48
300 1721 2120 2905 10305 10715 16985 65
350 1821 2539 3211 12896 14162 20644 81
400 1919 2980 3531 14691 17164 22798 92
450 2015 3595 3942 16209 18969 24501 101
500 2110 4453 4648 17951 20524 25676 110
600 2298 6632 6945 21700 23341 26952 1~9
700 2524 8842 9627 24561 26199 27551 145
800 2885 10317 11637 25861 29218 27677 157
900 3260 11347 12796 26003 31499 27023 164 0’)

1000 3641 11861 13679 25980 33027 25741 167
1250 4657 12594 15177 26661 33566 23392 170
1500 6438 12690 16357 25993 33309 21406 170
1750 9191 12358 17085 24688 32428 19939 169
2000 12036 11681 17003 22994 31361 18815 167 I
2500 15053 10327 15805 20570 29151 15992 156



m    m    m    mm    n    mm    mm    m

)mblm 111-6.

mtream fer mteethemd trout fry Ln the tower Yuba R~ver.

GRRCIH GRAVEL PIT STUDY REACH k’OH ~n m~umre feet x 1000
TRAI~SECT 1       2 3 4 5 6 7 8 9

TYPE LGR R/G R/O SP SP DP DP DP LGR LGR+ R/G 8P DP REACH
D~STANCE, 6013. ~3~13 13413 3700 3700 2850 2850 2850 6813 13626 26826 7400 8550 56400

(elm)
50
100 56401 35162 106413 128180 11700134368 19175 27349 73078 882 1899 907 231 3919
150 46040 38873 115696 100576 96168 38119 28032 29036 59330 718 2073 728 271 3790
200 35369 48109 117488 83956 77013 38516 33998 28356 47559 565 2221 596 287 3669
250 26357 64075 101944 73679 65853 37173 34884 27025 37262 433 2227 516 282 3458
300 19389 79749 90064 62528 5754235480 34471 26893 30727 341 2278 444 276 3339
350 15186 98980 80600 52993 5096234285 34005 27297 26832 286 2409 385 272 3352
400 14688 95297 72497 45820 46061 33196 32785 25195 24594 268 2251 340 260 3119
450 13052 88037 64827 39874 41927 31921 32480 23232 24159 254 2050 303 250 2857
500 12537 80709 57973 34707 38600 31537 32202 21959 24355 251 1860 271 244 2626
600 10968 68955 45272 28460 32388 31405 29762 19802 26858 258 1532 225 231 2246
700 10661 57531 34026 23520 27310 31052 27309 16815 25733 248 1228 188 214 1878
800 12824 45860 24397 19749 22778 30103 25747 14649 33626 316 942 157 201 1616
900 13492 33806 17419 18178 18611 28912 23024 14222 36017 337 687 136 189 1349

1000 13902 25444 13458 16144 15271 27521 20852 14613 32897 319 522 118 180 1139
1250 9349 17463 11761 14349 12530 22757 21997 15269 33029 289 392 99 171 951
1500 8551 13430 10138 13432 11427 20632 19235 10648 35721 302 316 92 144 854
1750 8202 12135 9758 13851 11147 18922 18015 9591 33968 287 294 92 133 806
2000 8371 11276 11116 14210 10945 17570 19258 9785 31380 271 300 93 133 797
2500 7970 11179 13208 12148 11937 14026 21241 7455 25587 229 327 89 122 767



Table III-7,

mtrem~ for steathead trout fry An the Ao~r Yuba RAver.

DAGUERR~ POINT D/~q STUDY REACH WUA An s~luare feet x 1000
TRANSECT 1 2 3 4 5 6

HABITAT TYPE LGR LGR R/G RIG SP SP DP LGR+    R/G SP DP REACH
DISTANCE 3088 3088 8538 8538 4688 4688 8775 6176 .~7076 9376 8!75 41403

(cfs)
50 136785 90016 ~20961 108709 18054 22684 5523 100 1961 191 48 2901

100 134896 103043 116782 101201 42762 56942 19023 135 1861 467 167 3230
150 127075 92300 105510 83725 83025 86461 24714 677 1616 795 217 3305
200 115844 82375 99826 72891 91479 99886 28078 612 1475 897 246 3230
250 100482 71650 89652 63584 90626 99110 28418 532 1308 889 249 2979
300 84006 62578 76982 56931 86707 94116 28923 453 1143 848 254 2697
350 70241 54150 62708 52177 77149 84819 29324 384 981 762 257 2384
400 58508 45902 51257 41518 70073 74071 28416 322 843 676 249 2091
450 50093 38917 43411 43463 64902 65493 27470 275 742 611 241 1869
500 43009 34554 36240 40673 59986 58816 26125 240 657 557 229 1682
600 33516 28585 27902 35774 53677 46455 26501 192 544 469 233 1437
700 27542 24205 24366 34983 49621 36468 26008 160 507 404 228 1298
800 23865 19498 21582 31058 48967 29436 26392 134 449 368 232 1182
900 21023 15210 22507 29493 46021 25504 27534 112 444 335 242 1133

1000 18326 12202 21518 29773 42784 22873 26496 94. 438 308 233 1072
1250 13777 7719 23512 26911 36311 11047 21679 66 432 250 190 938
1500 9067 7220 21345 26594 33353 12370 17139 50 409 214" 150 824
1750 6805 7088 22320 26649 26773 10280 13080 43 416 174 115 749
2000 5949 4227 23925 25503 22452 10081 10996 31 422 153 96 102
2500 3~127 3592 22689 29399 17950 9596 10694 21 445 129 94 688



Tabte ZZZ-8.
T~ansect ~8~gh~ed uoabte a~ea (~A| Ln square ~ee~ ~ 1,000 linear ~eo~ o~
s~8a~ ~o~ s~e~thsad ~ou~ ~¥ Ln ~ha to~e~ ~uba

81HPBON LANB STUDY I~ACH                                          k’UA ~n squ~re Ee~ x 1000
TRANSBCT 1 2 3 4 5 6 7 8 9

HABITAT TYPB LGR R/G RfO SP 8P DP DP DP DP LGR+ R/G 8P DP REACH RIVER
DISTAflCR 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500 12507~

(cfs)
50 56783 117427 76439 10508 4955 3905 3666 2969 3321 23 204 22 46 294

100 102710 137892 111316 22726 10519 6766 6232 4316 5215 41 262 47 74 424 7595
150 119046 123162 111313 35122 22855 11456 10015 6802 8452 48 246 81 121 496 7619
200 113407 110075 97?83 36039 27393 21345 18885 10457 15231 45 218 89 218 570 7505
250 102444 94063 85999 34288 29463 28993 27158 16883 19357 41 189 89 305 624 7109
300 91047 81696 73030 32733 31506 31700 30213 23611 21325 36 162 90 353 641 6742
350 78292 71128 60845 31016 33107 33389 32051 28006 23257 31 139 90 385 645 6462
400 66627 61713 52276 29656 33672 34629 33233 29985 25602 27 120 89 407 642 5944
450 55283 54167 46158 .28634 32817 35401 34093 30931 27576 22 105 86 422 636 5463
500 45764 46165 40659 27871 31186 35974 347?6 31712 29244 18 91 83 435 627 5045
600 32500 34443 31974 27446 28664 36335 35121 32988 29892 13 70 79 443 605 4417
700 24041 26237 25622 28625 27732 34924 33243 33840 29134 10 54 79 433 576 3897
800 17277 19611 21024 29913 26798 32979 30771 33247 28861 7 43 79 415 544 3499 .:~O
900 12086 14405 17226 29571 25915 31423 29108 31894 29306 5 33 78 402 517 3163 ~O

1000 8862 10371 13674 27760 24565 29814 27607 30560 29597 4 25 73 388 490 2868
1250 5393 5648 8263 22580 20738 26785 25928 27768 26333 2 15 61 352 430 2489
1500 4529 4790 5557 17156 17386 25430 26805 25231 22821 2 11 48 331 392 2240
1750 4413 4348 3857 12790 13780 24665 26035 22913 20819 2 9 37 312 359 2083
2000 4423 3438 3131 9605 10504 21878 22345 21031 18936 2 7 28 278 315 1981
2500 4280 30?3 2918 6746 6676 14887 15391 17095 14379 2 6 19 204 231 1842



m

Table $I1-9.

mtrea: for steelbead trout ~uvenlles £n the lower Yuba RLve~.

NR~S STUDY ~ACH ~A ~n s~are feet x I000
T~SE~ I 2 3 4 5 6

~BITAT T~PE DP DP DP DP DP DP
DIST~CE 1463 1463 ,,,;~63 1453 1453 1463 8778

(cfs)
50
100 O 0 0 0 0 0 0
150 0 0 0 0 0 0 0
200 0 0 0 0 0 74 0
250 0 0 0 2 0 132 0
300 0 0 0 48 47 133 0
350 0 0 0 100 159 153 1
400 0 0 0 134 402 282 1
450 0 0 0 171 617 370 2
500 0 0 0 238 780 427 2
600 0 0 0 585 1461 576 4 O
700 0 0 0 961 2217 1100 6
800 0 0 17 1192 3098 1533 9
900 0 0 60 1622 3809 1736 11

1000 0 0 99 2423 4887 1625
1250 0 0 170 4332 6124 1544     18
1500 0 0 162 4500 5885 1611
1750 0 0 284 4229 5418 2100 18 O
2000 0 5 381 4181 5171 3273 19
2500 0 129 518 4753 8060 4705 27



~able
?:anaec~ weLgh~ed usable a~ea (~JA) Ln squs:e ~ee~ pe: 1,000 11neat fee~ o~
l~eam fo: ateelhead ~:out ~uven/lee Ln ~he lowe~ Yuba RLve~.

GARCIA GR~V~L FIT STUD~ REACH ~A ~n l~a:e f~ x 1000
~SE~ 1 2 3 4 5 6 7 8 .9

YYPg ~R R/G R/O SP SP DP DP DP ~R    ~R+ R/G SP DP ~A~
DIST~C~ 6813 13413 13413 3~00 3700 2850 2850 2850 6813 ~3626 26026 V400 8550 56400

(cfo)
50

100 58293 32065107585136762~32242 79928 21027 54137 77872 928 18~3 995 442 4238
150 62149 37201~246~3145726139815 84198 36180 561~0 83996 996 2170 ~056 503 4725
200 56944 44006 135650 148689 141215 83562 45044 55608 80426 936 2410 1073 525 4944
250 47043 50884 141311 149663 139674 81776 48403 54613 69197 ?92 2578 1071 527 4968
300 37567 62?46 143319 1467~? ~36382 ~9~1~ 49776 53196 58647 656 2?64 ~04~ 521 4988
350 31480 ~5104 142665 1420~? 131647 777~4 50766 51988 51626 566 2921 1013 515 5015
400 26225 86565 139165 136226 125601 75975 50233 50212 47335 501 3028 969 503 5001
450 ~9684 96498 ~3330~ 12~099 119181 73920 50229 .47844 44499 437 3082 911 490 4920
500 15840 103568 125456 116957 112696 ~2342 50212 4539] 42~58 399 3072 850 479 4800
600 12315 109166 106~15 98150 99270 6847~ 49695 39306 41205 365 2896 730 449 4440
?00 11009 103495 88505 80388 86249 64319 4839~ 34116 39373 343 2575 618 418 3954
800 11725 95205 71035 65246 74175 59662 4~363 29370 39449 349 2230 516 389 3484
900 11739 84499 54411 5032~ 61484 54763 45521 25872 38163 340 1863 414 360 2977

1000 11442 72658 4~257 39250 52921 50100 43329 22920 36895 329 1528 341 332 2530.
1250 9~18 44130 26052 26839 35136 39605 31734 1~311 36~45 317 941 229 2~0
1500 9145 34988 20222 22094 2~019 32149 326?5 ~4886 36923 314 741 182 227 1464
1~50 6526 29025 17531 20098 21795 28562 28580 ~2619 39147 311 624 155 199 1289
2000 5999 26050 15859 19491 1855~ 25827 24741 11324 40556 317 562 141 176 1196
2500 9245 23115 ~2757 1~160 14828 22998 21366 8454 39008 329 481 118 151 1079



Table III-11.
Transect ~elghted usable area (WU&) in a~uare feet per 1,000 l~neal feet of
atrem for mteelhead trout Juven~lea ~n the lowe~ Yube R~ve~.

DAGUERRE POINT DM4 STUDY RE~CH WU& ~n equate feet x 1000
TRANSECT 1 2 3 4 5 6 7

HABITAT TYPE LGR LGR RIG RIG SP SP DP LGR÷ R/O SP DP REACH
DISTANCE 3088 3088 8538 8538 4688 4688 8775 6176 17076 9376 8775 41403

(cfs)
50 71054 61355 70866 103036 19535 24076 5175 409 1485 204 45 2144

I00 111730 87196 104545 123899 47621 65753 31711 614 1950 531 278 3374
150 130257 100053 121749 128194 89899 93312 41943 711 2134 859 368 4072
200 137467 104486 128814 128341 103881 108142 45213 747 2196 994 397 4333
250 135312 99900 129936 127221 110378 118371 44312 726 2196 1072 389 4383
300 125014 91343 124766 124970 115012 124442 43159 668 2132 1123 379 4302
350 115512 78095 116851 120101 116597 125913 43188 598 2023 1137 379 4137
400 103790 67457 108659 112568 116193 125719 41420 529 1889 1134 363 3915
450 94321 60675 97053 104837 115044125302 39806 479 1724 1127 349 3678
500 85946 54361 82300 97625 112974 123816 37919 433 1536 1110 333 3412
600 73036 46394 61181 81850 108866 118119 365.?0 369 1221 1064 321 2975
700 63353 39884 48353 67284 105271 109809 34709 319 987 1008 305 2619
800 58198 34744 39532 52242 102415 100846 33398 287 784 953 293 2317
900 53866 29933 33403 44?38 97163 91373 32619 259 667 884 286 2096

1000 49302 24584 27804 38634 91989 81143 31459 228 567 812 276 1883
1250 41194 13934 21834 33204 78187 57627 28342 170 470 637 249 1526
1500 33663 9416 ~8136 32483 64504 39638 25792 133 432 488 226 1280
1750 27969 8279 16833 31727 53527 25489 23950 112 415 370 210 1107
2000 23534 6746 1~742 31639 44403 20275 21731 94 422 303 191 1009
2500 15260 4310 19837 30557 31674 16556 18437 60 430 226 162 879



Transect ~etghted usable area (~UA) in square feet per 1,000 Itneal feet of
atream for steelhead trout Juveniles In the lo~er Yuba Rfver.

BIHPSON LM~g STUDY REACH k~lA In square feet x 1000
TRaNSgCT 1 2 3 4 5 6 7 8 9

HABITAT TYPg L~R RIG R/O SP 8P DP DP DP DP L~R+ RIG SP     DP REACH RIVER
DIST~iCE 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500 125075

50 27499 93237 90632 5682 753 0 0 0 0 11 193 9 0 213
100 64414 130459 132730 42645 12302 658 233 0 1 26 276 77 3 382 7994
150 100569 145263 147689 81464 37318 2118 1048 63 177 40 308 166 11 525 9322
200 126995 152696 151449 89454 46154 5047 2008 152 1217 51 319 190 28 588 9865
250 143253 156385 152823 87546 44505 8291 3404 184 2861 57 325 185 49 616 9967
300 151208 157191 152042 84886 42886 9482 5217 455 4779 60 325 179 66 630 9920
350 151120 155051 148466 81202 40993 10306 6546 798 7392 60 319 171 83 633 9786
400 148309 149114 144594 71192 38998 10860 6887 1109 11299 59 308 163 100 630 9547
450 140738 142150 139998 73197 36282 11215 7074 1398 14593 56 296 153 113 619 9219
500 131885 134906 134568 69710 33931 11106 7887 1791 17427 53 283 145 126 607 8821
600 110775 118380 121931 63588 29482 11684 9693 3029 18230 44 252 130 141 568 7987
700 91365 100210 108111 59394 26231 13336 10274 4069 18026 37 219 120 151 526 7105
800 75425 80213 93993 55584 23451 13868 9830 4192 18695 30 183 111 154 477 6287
900 61518 62850 80629 53135 21118 13269 9762 4224 19774 25 151 104 155 434 5518

1000 50758 49866 68294 48747 18915 12558 9581 4808 20236 20 124 95 156 395 4821
1250 31291 28033 42231 37529 14345 11328 8785 6949 18860 13 74 73 152 310 3611
1500 19782 17070 24583 27894 10128 11581 10236 6280 16115 8 44 53 146 251 3013
1750 14311 10579 16067 20863 7730 12178 12205 5870 14585 6 28 40 148 222 2636
2000 10848 8065 11801 15394 5947 11855 12328 5838 13736 4 21 30 144 199 2423
2500 8118 5388 7803 10085 4726 10423 11318 589? 11789 3 14 21 130 168 2153





Table III-14.

atrem for steelhead trout spawnLng £n the lower Yuba RLver.

OP.qCI& GRAVEL PIT STUDY REACH k’J& £n square feet x 1000
TPJ~iSECT 1 2 3 4 5 6 7 8 9

HABITAT TYPg LGR RIO R/O SP SP DP DP DP LGR    LGR÷ R/G SP DP
DISTMICg 6813 13413 13413 3700 3700 2850 2850 2850 6813 13626 26826 7400 8550 56400

(cfe)
50

100 0 17218 10266 O 0 O O 0 8777 60 369 O 0 429
150 O 24361 24991 889 0 0 O 0 14401 98 662 3 0 763
200 0 29936 40292 4106 968 0 0 2 17934 122 942 19 0 1083
250 0 34677 53650 12108 5029 0 0 33 19~20 132 1185 63 0 1380
300 0 38713 65296 26343 12342 1 0 138 19198 131 1395 143 0 1669
350 O 42987 75194 41449 21014 27 0 313 17831 121 1585 231 1 1938
400 0 47098 84520 56431 29803 93 3 572 15768 107 1765 319 2 2193
450 O 52538 93870 67704 35450 201 9 802 13581 93 1964 382 3 2442
500 0 59018 100808 73065 39541 529 40 994 11608
600 0 76499 107352 73993 41961 1444 259 1460 9046 62 2466 429 9 2966
700 0 92100 109053 66593 38704 2178 819 2326 7946 54 2698 390 15 3157
800 0 100694 103129 56595 33516 2605 1856 3399 8059 55 2734 333 22 3144
900 0 101702 90595 46221 27903 2557 3181 5100 8846 60 2579 274 31 2944

1000 0 91594 77182 37913 22881 2346 4381 6211 9105 62 2264 225 37 2588
1250 0 54069 46078 23002 12863 1984 6971 8227 9173 62 1343 133 49 1587
1500 0 27561 24235 13495 7518 2159 9128 9277 9834 67 695 78 59 899
1750 0 12294 12875 8831 5203 2451 11137 9087 12364 84 338 52 65 539
2000 0 5350 8865 7626 4856 2514 11810 9295 17414 119 191 46 67 423
2500 0 1462 6563 6599 4889 1909 13757 10761 21397 146 108 43 75 372



Transect ~efghted usable ares (HUA) In square feet per 1,000 lineal feet of
stream for steelhead trout spawning In the lo~er ~uba River.

DAGUERRE POINT DAM STUDY REACH WUA In square feet x I000
TI~kNSECT I 2 3 4 5 6 7

TYPE LGR LGR RiG RiG SP SP DP LGR+ RiG SP DP REACH
DISTANCE 3088 3088 8538 8538 4688 4688 8775 6176 17076 9376 8775 41403

(cfs)
50 1 16 0 0 0 0 0 0 0 0 0 0

100 1278 2518 3715 0 0 0 0 12 32 0 0 44
150 5967 9185 18650 34 0 0 0 47 160 O 0 207
200 12867 15349 41858 1184 0 0 0 87 367 0 0 454
250 19152 20065 63097 4988 0 2 0 121 581 0 0 702
300 24137 22018 80429 9622 1 15 0 143 769 0 0 912
350 26971 22203 90842 15561 2 107 0 152 908 1 0 1061
400 27023 21365 97223 21208 4 434 0 149 1011 2 0 1162
450 25694 20516 98477 25538 7 993 0 143 1059 5 0 1207
500 23569 19117 96283 29239 662 1972 0 132 1072 12 0 1216
600 18493 16042 86185 33993 4845 6507 0 107 1026 53 0 1186
700 14490 13113 ~6~48 35217 11082 14828 4 85 921 121 0 1127
800 11960 11038 58895 34029 17690 22715 12 71 793 189 0 1053
900 10171 9926 46860 31155 22718 28836 31 62 666 242 0 970

1000 9212 9634 36508 28247 25643 30018 50 58 553 261 0 872
1250 8045 8662 23346 21103 27838 23955 204 52 379 243 2 676
1500 7117 6284 15655 17380 26701 14636 374 41 282 194 3 520
1750 6079 4009 11378 18039 25218 7556 581 31 251 154 5 441
2000 5194 4084 8244 20005 23962 3765 1266 29 241 130 11 411
2500 3546 2947 6914 23511 20647 652 2640 20 260 100 23 403



Transect weighted usable area (tfUa) in square feet per 1,000 lineal feet of
stream for steelhead trout spawning In the lo~er Yuba River.

SIHPSON LANE STUDY REACH                                          ~4UA in square feet x 1000
TRANSECT 1 2 3 4 5 6 7 8 9

HABITAT TYPE LGR RIG RiO SP SP DP DP DP DP LGR+ R/O SP DP I~ACH RIVER
DISTANCt 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500 125075

(cfs)
50 1075 0 0 0 0 0 0 0 0 0 0 0 0 0

100 3263 0 0 0 0 0 0 0 0 1 0 0 0 1 474
150 6061 50 0 0 0 0 0 0 0 2 0 0 0 2 972
200 9397 1930 0 0 0 0 0 0 0 4 2 0 0 6 1543
250 12940 5630 252 0 0 0 0 0 0 5 6 0 0 11 2093
300 1§466 9962 723 0 0 0 0 0 0 7 11 0 0 18 2599
350 19679 15711 1505 0 0 0 0 0 0 8 18 0 0 26 3025
400 22545 22086 2418 0 0 0 0 0 0 9 26 0 0 35 3390
450 24284 28399 4055 0 0 0 0 0 0 10 34 0 0 44 3693
500 25034 34607 5935 0 0 0 0 0 0 10 43 0 0 53 3914
600 23943 42917 10043 0 0 0 0 0 0 10 56 0 0 65 4217
700 20975 46352 13563 6 0 0 0 0 0 8 63 0 0 71 4355
800 17274 44940 14548 29 0 0 0 0 0 7 62 0 0 69 4266
900 13944 39877 13926 50 0 0 0 0 0 6 56 0 0 62 3976

1000 10876 33776 12193 65 0 0 0 0 0 4 48 0 0 53 3513
1250 5623 19855 7171 71 0 0 0 0 0 2 28 0 0 31 2294
1500 2900 12336 3544 31 0 0 0 0 0 1 17 0 0 18 1437
1750 1470 8356 1568 0 0 0 0 0 0 1 10 0 0 11 991
2000 758 5627 635 0 0 0 0 0 0 0 7 0 0 7 841
2500 250 2508 97 0 30 0 0 0 0 0 3 0 0 3 778

+ a~ount of ~UA (sq ftx 1~000) by habitat type within a reach.



APPENDIX IV

WATER QUALITY DATA
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Table Iv-~.

mon~or~n~, ~rom ~he ~ke ~tld~ood Spec~a~ Zmprovemen~ Zone No. I.

ihto Dee~ Creek. ~ibutary ~o the lower Ybba River. California.

Susp    Su~p    S~�~ Sp con To~ Col    C1

Period (sad} (==/1) (1b/d) (aS/l) (lb/d)

J~ 1987
: ~8. 0.~5 2~.T 45.5 21.g ~2.5

~n. 0.18 15.T ~Z.g ~.0 1~.5     0.0               ~.0     ~2.~ ~.0¯ tb 1~87
~v~. 0.25 19.0 ~.0 20.0 56.0    0.0 599.2    ~ 1 .0

~in. 0.00 14,3 ~,8 11.0 2~,9
~r 1~87

~v~. 0.4~ Ig.g 7~.I 28.8 ~4.5     0.0    541.8     7.0    24~.0     ~.0
~x. 0.87 52.2 1~.~ 8~.~ 2~4.5 ~8~e 7.~ ~4~ G.O
~in. 0.~0 5.~ 15.9 4.0 1~.~

¯ pr 1~87
¯ ~8, 0.~2 27.0 68.2 I~.~ 45.2    0.0 ~4~.~    ~.~ ~4~.~
~nx. O.SI 58,0 1~8.~ ~9.~ I~7,1

~my 1~87
¯ v~. 0.27 1.~ ~.4 7.2 15.8 0.0 5~.7 5.1    ~7~,0 ~.~
H~x. 0.60 ~.0 7.5 18.5 4~.8
~i~. 0.24 ~I.0 ~.0 0.4 O.g 0.~ 4.g 2.0 0.~

J~ 1~87
¯ v~.. 0.30 2.g T.O 4.~ ~2.~
~sx. 0.4~ 5,1 1~.8 17.~ 19.~ 0.~ 7.~ ~4~ 0.~
~n. 0.24 (1.0 ~.~ 0.5 1.~ 0.0

Jul I~87
AvE. 0.33 5.5 14.3 3.3 9.1 0.0 496.4
Hu. 0.45 g.6 24.8 9.5 Z4.6 ~:sce 6.8 )Z400 0.0
HLn. O,~S 2.2 ~.1 O.S 1,1 0.0 3.1 <2.0 0.0

Au~ 1987
ArK. 0.37 5.2 IS,6 2.9 8.? 0.0 744.0 6.6 22.0 0.0
Max. 0.48 8.3’ 25.3 7.2 22,2 ~ra=e 7,0 350,0 0,0
~in. 0.28 3.2 9,1 0.4 1,5 0.0 6.2 <2.0 0.0

Sep 1987
AvE. 0.38 4,2 11.4 4.5 13.8 0.0 ~63.4 6.2 8.0 0.0
Max. 0.43 8.2 IT.8 I0,8 32,4
~£n. 0.26 0.9 2.4 1.6 3.9 0.0 3.2 Z.0 0.0

~ lgST
Av~. 0.34 5.2 13.8 3.2 8.8 0.0 650.2 6.4 Z.0 0.0
Hax. 0.41 ~.2 2S.2 t4.0 39.7 0.0 ~.5 110.0 1.2
Him. 0.2; 1.1 2.8 " 1.2 ’ 3.0 0.0 3.3 <:.0 0.0

Nov 1987
Avl. 0.32 g.4 23.2 10.2 27.t 0.0 530.0 5.4 23.0 0.0
~ax. 0.3~ 16.1 38.9 54.0 139.4 ~ace 7.4 )2400 0.0
HLn. 0.26 2.0 4.6 0.4 1.1 0.0 3.9 <2.0 0,0

~ 1987
ArK. 0.38 10.5 3S.3 1.8 6.0 0.0 SO4.0 6.4 Z.0 0.0
Hax. 0,53 11.5 50.8 6.0 14.4 0.0 R.4 5.0 0.0
H~n. 0,Z3 g.4 21.3 0.~ 2.3 0.0 4.0 <2.0 0,0

=1 S~=i~: �onductLv~t~ measured monthly.
~S, measured t~tce pe~ ~esr. uas 20.4 ag/Z ~n June snd 264 s~/l tn beceaber.
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1                                     TaJ~e ~V-2.

~onth~T lumur~ (1985) of the Report of waive D~lch,~le. ef~luen~

An~o Deer Creek, tributary to the lo~er Yub~ R~v~r.
(Suam&rF data fro~ CR~C8 flies, NPD£S No.

I EFF~U£N~ CONSTITU£~T

Tot Col    C1     Set]                      Su~p ~u~p Sp con

Period    (mid) (No.) 100el) (ml/1) (ml/11 (hi/l) (lb/d) (me/|| (lb/d}

Jan 1985
Avl. 0.49 6.7 7.0 0.0 <0.! 99.0 415.0 57.0 226.0 439.0

I Hax. 0.57 7.0 ~3,0 0.I <0.! 2Z5.0 938.0 109.0 454.0
Hin. 0.39 6.4 2.0 0,0 <0.1 55.0 268.0 33.0 103.0

Feb 1985
Avl. 0.53 S.8 5.0 0.0 �0.1 ~8.0 588,0 49.0 230.0 439.0

I Hax. 1.49 7.2 1600.0 0.1 0.2 132.0 288.0 84.0 686.0
H£n. 0.40 6.4 <2.0 0.0 <0.I 49.0 203.0 25.0 106.0

Her 1985
Ave. 0.52 6.: :.~ 0.4 <0.l 3~.0 184.0 2~.0 I18.0 475.0
Hax. 0.92 6.9 5.0 3.0 <0.1 65.0 244.0 3~.0 165.0
H~n. 0.43 3.2 (2.0 0.0 <0.I 23.0 92.0 15.0 61.0

Apt 1985
Ave.. 0.52 6.? 7.0 0.5 <0.I 4~.0 203.0 37.0 180.0 626.0
Hax. 0.58 7.3 94.0 2.1 0.4 94.0 431.0 ;4.0 339.0

I ~n. 0.47 6.0 (2.0 0.0 <0.1 17.0 69.5 14.0 ST.0
HaF 1985

Av~. 0.48 5.0 (2.0 0.8 <0.1 44.0 175.0 54.0 220.0 570.0
Hax. 0.52 6.8 Tg.O Z.2 0.! 94.0 376.0 82.0 328.0

I Ht~. 0.40 4.6 <2.0 0.0 <0.1 20.0 80.0 31.0 122.0
Jun 198~

Av~. 0.5] 6.5 13.0 0;5 <0.1 19.0 82.0 32.0 ;3?.0 582.0
H&x. 0.55 6.9 79.0 3.0 0.5 29.0 123.0 44.0 198.0

I H*n. 0.46 5.5 <2.0 0.0 <0.1 12.0 50.0 15.0 62.0
Jul 1981

. Av~. 0.4~ 6.~ 8.0 2.0 ’ <0.1 19.0 ?6.0 21.0 84.0 457.0
Hax. 0.52 ?.l 350.0 2.0 <0.I 29.0 121.0 35.0 146.0
H£n. 0.44 6.3 2.0 0.0 <0.1 4.0 17.0 5.0 21.0

n Au~ 1985
Av~. 0.49 6.2 18.0 0.? <0.l 8.0 33.0 I1.0 S0.0 517.0
Hax. 0.52 6.8 >2400 5.0 0.2 13.0 55.0 20.0 81.0

I
Him. 0.46 5.2 <2.0 0.0 <0.1 5.0 20.0 5.5 28.0

Sap 1985
Av~. 0.49 6.4 <2.0 0.1 <0.1 14.0 58.0 18.0 ?2.0 541.0
Hax. 0.60 6.9 33.0 1.5 <O.l 23.0 86.0 24.0 108.0
H~. 0.44 5.4 <2.0 Q.O <O.l 8.0 34.0 10.0 42.0

i Ocg 1985
Av~. 0.48 6.2 <2.2 0.4 <0.! 9.0 36.! B.0 30.0 529.0
H~x. 0.57 7.2 )2t00 2.0 <0.t 17.0 ~6.0 !0.0 41.0
Him. 0,40 3.6 <2.0 0.0 <0.1 5.0 20.0 5.0 19.0

~ov ]985I Av~. O.S? 6.3 <2.0 0.! <0.1 12.0 50.0 ~6.0 6?.0 59~.0
Hax. 1.03 7.0 23.0 2.0 o <0.1 18.0 75.0 34.0 142.0
Him. 0.47 4.2 <Z.O 0.0 <0.1 6.0 24.0 ;.0 31.0

Deo 1985

I ArK. 0.$6 6.3 <2.0 0.1 <O.t <I0 <$1 8.0 44.0
Hax. 1,12 ?.? 6.0 2.0 <0.1 23.0 1~2.0 I?.0 159.0
Him. 0.46 3.3 <2,0 0.0 <0.1 (! <5 2.0 8.0

TDS, measured ~tce per Tear, vas Z45 a~/l In June and 2?6 m:/l in November.
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Table IV-3.
Mon~hlT euaa&~7 (1986) o~ the Repor~ o~ W&~e Dlschs:’Ee, e~luen~

Into Deer Creek, ~ribut&r7 to the lower Yubs River, Csll~orni~.
(Su~-sr7 d&t& ~’roa CRW@CB files, NPDES No. CA007990I)

EFFLUENT CONSTITUENT

To~ Col CI     8ett Suep Susp Ep con
S~mple Flov     pH (mpn/      Ree matte:¯ BOD     BOO
Period (asd| (No.) 100ml) (mEll) (all1) (mE/l) (lb/d|

Jsn 1986
A~d. 0.58 8.5 (2.0 0.1 (0.1 9.0 51.0 4.0 24.0 606.0
M~x. 1,0~ 7.0 4.0 0.8 <0.1 19.0 105.0 9.0 12.0
M*n. 0.43 5.4 <2.0 0.0 <0.1 4.0 20.0 L.5 4.0

Feb 1986
AvE. 0.51 5.T <2.0 <0.1 <0.1 6.0 24.0 3.0 13.0 492.0
Mac. 1.40 8.? 2.0 1.0 (0.1 9.0 59.0 7.0 49.0
Mtn. 0.19 3.2 <2.0 0.0 (0.1 L.O ;.~ 2.0 4.0

¯ vS. 0.79 5.7 <2.0 (0.1 0.1 8.0 54.0 9.0 61.0 4tt.O
Hsx. 1.60 6.7 8.0 0.? 0.1 19.0 152.0 25.0 200.0
Mln. 0.48 3.S <2.0 0.0 0.1 5.0 20.0 2.0 11.0

ap~ 1986
AvE. 0.50 6.6 (2.0 0.0 0.1 7.0 30.0 8.0 25.0 466.0
Htx. 0.61 7.0 I7.0 0.5 0.1 10.0 43.0 15.0 34.0
MLn. 0.39 6.0 (2.0 0.0 0.1 6.0 20.0 4.0 1~.0

Ms)" 1986
AvE. 0.50 8.4 <2.0 0.0 (0.1 5.0 21.0 5.0 21.0 --
Max. 0.57 6.8 ~9.0 0.0 (0.1 8.0 35.0 9.0 40.9
Min. 0.44 6.1 (2.0 O.’O <0.1 2.0 8.0 2.0 8.0

Jun 1986
A~E-" 0.51 6.1 <2.0 0.O (0.1 5.0 22.0 5.0 26.0 600.0
Max. 0.54 G.? 2.0 0.0 (0.! 7.0 30.0 9.0 38.0
Min. 0.43 2.8 (2.0 0.0 (0.1 4.0 15.0 3.0 11.0

Jul 1986
AvE. 0.51 8.3 (2.0 0.0 (0.1 S.O 24.0 8.0 28.0 --
MaX. 0.59 5.8 8.0 0.0 <0.1 9.0 37.0 13.0 53.0
Nln. 0.48 5.8 <2.0 0.0 <0.1 4.0 I~.0 2.0 9.0

AwE. 0.51 6.0 (2.0 0.0 (0.t S.O 22.0 5.0 20.0 41~.0
~x. 0.59 7.0 13.0 0.0 <0.1 6.0 28.0 6.0 29.0
N~.n. 0.49 3.S (2.0 0.0 <0.I 3.0 12.0 3.0 12.0

Sep 1988
AvE. 0.55 5.8 <Z.O <O.I (0.1 9.0 38.0 11.0 51.0 460.0
Max. 0.79 6.5 2.0 1.0 0.2 15.0 68.0 27.0 115.0
Mtn. 0.41 3.3 (2.0 0.0 <0.1 4.0 19.0 <1.0

Oc:~; 1986
Avs. 0.43 8.0 (~.0 0.1 (O.t 10.0 34.0 ?.0 24.0 4;4.0
!M~x. 0.51 6.5 (2.0 2.0 O.! 17.0 82.0 10.0 39.0
~lin. 0.38 5.0 <2.0 0.0 (0.1 6.0 21.0 4.0 10.0

Nov 1986
AvE. 0.40 S.~ (2.0 Q.1 (0.! 13.Q 44.0 14.0 48.0 443.0
Mac. Q.SO 6.4 2.0 2.0 <0.1 20.0 68.0 21 .O ?Q.0
Nin. 0.34 4.. �~.0 0.0 <0.| 8.0 2..0 8.0 2S.0

Dec 1988
Av~. 0.41 S.E (Z.O 0.0 (O.I 20.0 88.O 17.0 80.0 561.0
Hsx, 0.51 8.3 Z.O 0.0 (0.1 39.0 130.0 27.0 90.0
Nin. 0.33 S,l (2.0 0.0 (0.1 12.0 42.0 I0.0 30.0

st Epecit’~� �onductivity, me=sured mon~hX~,.
TDS, ~essured once in I986, uas 268 m~/1 Ln govembez’.
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Table IV-4.

Into Deer Cre~k, ~ribu~rT to ~he lower Yub~ R~v~r.,

EFFL~NT CO~STI~E~T

P~r~od (n~4) (Mo.) 100ml) (ms/l) (ml/1) (mE/l) (l~/a) (m~/l) (1b/d)

~an 1987
Avg. 0,44 6.5 <2,0 0,1 <0,1 I~.0 48,0 14,0 51.0 4;2.0
Max, 0.88 7.0 4,0 2.0 (0.1 21,D 90,0 28.0 12S.0
Min. 0,33 6,0 <Z.0 0,0 <0,1 S,~ ZI,0 4.0 15.0

F~b 1987
Av~, 0.50 6.8 42.0 0.0 <0,1 B,O 40,0 ?.0 33,0 390.0
~x. 1,09 6,8 <2.0 0,0 <0.1 14,~ ~1,0 12,0 73.0
Htn, 0.37 6,1 <2.0 0,0 <0,1 6,0 ZZ,0 3,0 t0,0

Ms~ 1987
Av~. 0,52 6.8 (2,0 0,0 (0.I 9.0 4?,0 4.0 21,0 485.0
Msx. 0.89 ?.0 (2,0 0,5 <0.I I2,0 88.0 6,0
~n. 0.38 2,5 <2.0 0.0 <0,1 6,0 23,0 t,0 5.0

Ap: 1987
~v~. 0.40 6.6 <2.0 0.0 (0,1 II,0 35,0 t5,O S0,0 523.0
Htx. 0,45 7,2 8,0 0,0 (0.1 19,0 70,0 49,0 tS0.0
H~n, 0,35 6.3 (2.0 0,0 <0, I 6,0 20,0 5,0 23.0

~s~ 1987
Av~. 0.40 6.4 ~2.0 0.0 (0.1 7.0 23.0 11.0 38.0 516.0
Max, 0.47 6.7 8.0 0,0 (0.1 11.0 34.0 20.0 62.0
Min. 0.34 6.0 (2.0 0.0 (0,~ 4.0 14.0 6.0 22.0

~un 1987
AY~. 0.37 6.3 (2.0 0.0 �0.1 7.0 22.0 9.0 27.0 548.0
Max. 0.42 6.5 4.0 0.0 <0.1 16,0 48.0 20.0
Min. 0,33 5.9 42,0 0,0 �0,1 1,0 3,0 1,0 3,0

Jul 1987
Av~, 0,35 ~,3 (2,0 0.0 <0,1 T,0 22,0 S.0 20.0 531.0
H~x. 0,44 6.8 )2~00 0.0 <0.1 g,O 29,0 XX,0 34.0
H~n, 0,32 5,9 (2,0 0,0 <0,1 4,0 14,0 3,0 9,0

Au~ 1987
Av~. 0,32 6,3 <2,0 0,0 <0,1 10,0 25,0 g,0 23,0 516,0
Hsx. 0.36 6.5 2.0 0,0 (0,1 19.0 44,0 14.0 34,0
HLn. 0.28 S.5 <2.0 0,O (0.1 5,0 1~.0 S.0 14,0

Sep 1987
AvS. 0.32 6.5 <2,0 0.0 (0,t 10.0 28,0 it,0 2~.0 609.0
H~x. 0.38 6.7 22.0 1.0 (0,1 13,0 33.0 14,0 35.0
M~n. 0.28 6.2 <2.0 0.0 <O.l 7.0 16.0 8.0 19.0

Oc~ 198;
Av,. 0.37 ~.7 (2.0 0.0 <0.,1 10.0 45.0 ,.O ~.0 5~,.0
Hsx. 0.41 ~.0 )2400 0.0 (0.1 16.0 112’.0 16.0
H~n. 0,3t 6,3 <2,0 0,0 (0,t 6.0 tT,0 4,0 I4,0

Hov 1987
Av~, 0,3~ 6,6 (2,0 0,0 (0,1 I~,0 33,0 S,O 16,0 516,0
H~x. 0,S8 6,T IT,0 O,O (0,1 28,0 19,0 9,0 Z9,O
H~n, 0.33 6,3 (~.0 0,0 (0,1 5,0 ZS,0 2,0

Dec 1987
Av~, 0,4? 6,4 (2,0 O,O (0,1 13~0 4~,0 S,O 18,O 523,0
Hsx, 0,16 6,; �2,0 0,0 (0,~ 4~,0 140,0 11,0 3T,0
H~n, 0,34 S,? (2,0 0,0 (0,1 6,0 21,0 ~,0 3S.0

TD5, ~essured &~ice/yesr. was 336 m~/l ~n Sep~eaber and 272 mS/1 Ln
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Table IV-S.

Sunaery ef meeeurements of dleeelved oxylon concentretlons In
the |leer Wube liver, Ce|lfernlo

Dis|lived laymen

Humber Itendord
ef     NlnOmum Nealmuu     Noon Boyle|Ion Location Source

Ootolo) |copied lemploe (milL) |milL) (milL)    (milL)    Cede ¯ of Beta

14-11-el te Of-IS-It
ll-ll-IT to Oi-2S-ll 2     9.9    11.5    IO.T 1.1    il cUI¢l

IO-11-IT te 09-~-I0
04-Ot-S! te 12*li-T& 244
10-05-T2 te Ot-2O-Ti

Yeliktod Neon

¯ Key te Locution Code end Source of letel

II ¯ Be|me |ngtebrliht lem (USES ire|Ion 11411000)
PI ¯ At Perks Bet
i| ¯ Beiuerre Point Bee
ifl ¯ Bear #eryevlite (USES Stetlen 11421000)
AN ¯ At Nerysvltte
CUflCO ¯ Ceilfarnlo State Uotor Reaourcee �entre| Board
USeS ¯ U.I. ecological Survey



Table IV-6.

eumaorl of noaauremonto of pN the Iouor Tube River, �ollfornln (from eIORET).

oH Voluel ......

Number
of etandord Locetlon eource

Rote(e) Semp|ed Sampieo Nlnlmum Neoln~n Neon |ovletion Code * of Rate *

OS-20-T| | T.| Re CURCR

04-10-51 te 09-05-49 ITS I.Y |.4 T.4 0.] Pl cHicS
IO-li-IY to 06-2]-II Z T.T I.I 1.9 e.] Re CNSCi
|i-II-IT to 09-26-10 62 T.| 1.0 1.6 0.2 nN USeS ,~

06-0~-$1 to 12-16-76 ~66 6.6 |.O T.$ O.Z AN CURet

VelOkted Neon N=5|$ T.6 0.2 ¢C)

¯ KeY te Lecotien Code end Source ef Rotes

EB ¯ Setou |nelabrlekt Ram (USES Stetlen 11611000) i

ST ¯ Roar Smertvltlo 0
PO ¯ At Porke Sat
DO ¯ DaRuerre Paint Rim
RN ¯ Rear Naryevltte (USES Station 11621000)
AN ¯ At Nmryavltte
CHICS ¯ Ceilfornlo State Niter eeeourcee Control Joord
USeS ¯ U.8. Reotoglcot Survey
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Concentration o| Hitrooen IH|

Date(I) 8aepled Nunbor HlnJeue Naxinul Heart Standard Location origins1
of Value Vmlue Value Deviation Code" Source

flanpleo (ng/L as N) (ng/L as NJ     (ng/L as N)     (ng/L as M) of ~ta

02/25/70 to 12/08/70 11 0 0.47 0.075 O,11 AN
O5/07/51 tO 04/23/60 36 ¯ 5.60 0.44 0.51 AN CHRCI
05/14161 to 05/05/66 Ii 0 1.10 0.4~ 0.42 81
05/04/61 to 05105/66 13 0 S.60 0.71 1.57 AN USG8
OS/O|/Sl to 04/23/68 35 0 1.20 0.24 0.39
03101177 to 0t/24/80 15 0 0.15 0.031 0.041 JOI UflGS
03101177 tO 0J/24/tO 25 0 0.?0 0.13 0.18

We|ghtod Nets N-le2 0.240 0.451

09/21/?? to 10/37/?l 7 0.010 0.010 0.010 0

03/01/$~ to 01/~5/~9 ~3 0 0.03 O.OOJ 0.014

~Jgh~ ~ N-4~ o.oos 0.007

I
03/]4/~T to 12/~0/70 14 O.010 0.130 0.030         0.033
0~/36/29 to 09/34/10 ll 0 0.03 0.010 0.013

HeJght~mn N-33 0.019

ST - Near B~rtville ~CB - Cal~tornJa Irate Niter les~�~8

HN - Hear~Jvllle (US~ S~s~lon 114~10003
AN e At Nerysvllte





i
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Table IV-17.

SourceDate(e)     of Sample Neaeursunt Nlnim~ Hexl~m NOah 8tandm~d of8ampled Samples Hedlu~ Unit Velum n Value Value Deviation Data b

O0/II/Og. 1 ~stsr uq/L $O,OO(k|
00/04/|0 L Sediment mq/k~ dry v~. 1830.001k) USZP&
00/04/80 1 Tissue ~b/kg ~ot v~, O.05(k) USEPA
0E/~7/77 3 Tissue ~/kg ve~ ~. 0 0.02        O.01       0.0090

01/11/80 1 Ha~er ug/L 50,O0(k) US[FkI 00/09/80 1 SedJmen~ ~/kg d~ ~. 1830.00(k)~ 00104/80 1 Tissue ~/k~ ve~ ~. O,05(kJ USEPA~ 04/00/74 ~0 06/39/77 S ?[meue ~/k9 vo~. 0.0~ 0,35 O.LO 0.14
I 1~/08/74 1 TJmsue ~/kg vet ~. O(u)

I
oe/l~/eo 1 ~a~er ~/L 50,OO(k) us~ek ’
00/09/80 1 SediMnt ~/kq d~ ~. le30.0o(k) US~PA

13/00/7~ ~o 06/39/77 4 Tissue ~/kg ve~ ~. 0,03 0.$4 0.38 0.35

13/00/74 �o 04/~t/77 S ?Lseue ~/~ o.ot 1.~] 0.45 L.e9

Nielsen VeIue Codoes
K-Yhrosho|d value. Actual �oetcsntrstion yea lees ~han ~hroshold value.
U-Undetected. Actual concentration vae less than analytical detection

USEPA-U.S. ZnvJro~ntal Pro~ecC/on Aqency



Table IV-18.

StNnnory ef Polychlorlnsted |lphenyls (POll neeourenento In the loner 1rubs River, CaLifornia.

Con©eat rat I on

Number Source
Oats(el     of laURie Neeeuremont Nlnlnun Noxious Neon    Standard     of
|eupied Seepiee Nedlue Unit Valuee Value Value |eviction Dateb

(1016. IZZI. IZ]Z. 1~42. 0110~110 I ~loeue ne/ke vet yr. o.oh(k) U|EPA
124e, 1254, I2&O| 0|11~/|o I Meter uo/L SO.O5(k) U|EPA

001041|0 ! Sedlnent sg/ko dry yr. 1|]O.O0(k) USEPA
!~ |IZiO| 061291TT ] fleers nllll vet el. O 1.12 o.eP o.I]
~o loll f,rnsl IllOllti ] Fish nllkl vet yr. 0 1.10 0.6~ O.&O CUnCl ~C)

e. #lnlmum ViIve ¢odoot i
k p lhrelheld valve. Actualconcentration eel loll than threshold value.
u ¯ Undtlctld. Actual clncenlrotlon Moo lees then analytical detection Ilnlt.

Pete leurce Cedeet
CvlcI ¯ Cellfernll Illll Motor Resources Control leerd
U$|P& ¯ U.|. lnvlrenmontol Protection Alency



APPENDIX V

1 965 AGREEMENT BETWEEN
THE YUBA COUNTY WATER AGENCY

THE CALIFORNIA DEPARTMENT OF FISH AND GAME

C--066957
C-066957



I
AGREEMENT

~ITNESSET~

o~r ~sh; ~

~cls~ No. D~9 ~t~ ~m~r 19, 1963,

o~d ~ be tss~d ~ t~ A~ for ~

o~ v:~er f~: ~he Yub~ ~= Sy~ for ~;at~

for ~ �~cti~ of ~ Yub~ ~r ~~n~

~s~ion p~c~gs ~ ~ect No. ~;

U~ s~ the ls~ce of s~d ~�1~1~

~ss*on ~nse~ "the *~ hu ~yls~ the

¯pp~ the s~-~ to ~ne~ic~ uses ~r ~s

-186-

I
C--066958

C-066958



O~e z6 ~ A~ A~

-187-

C--066959
(3-066959



!
C--066960

(3-066960



C--066961
(3-066961



I
C--066962

C-066962
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I
C--066963

C-066963



m

m
~ o~ ~ s~s ~ ~~ o~ ~ - ~o

m

m

_I ._ m

I
C--066964

(3-066964



C--066965
C-066965



~P~IX VI
~

~S~TS OF P~SIM AT SELE~D ~
IFIM ~SE~ SI~S FOR ASSESS~ OF

UPST~ MIG~TION CO~ITIONS
~

-~94-                              ~

C--066966
C-066966



Table VI-2.
Height of stream channel to water surface
elevation (ft) at Daguerre Point Dam IFIM
Transect 1 and Transect 2.

Distance Daguerre Da~ IFIN Trisect 1    Daguerre Dam IFIN Transec~ 2
from {eft ..........................................................

strean~nk (ft) 100 cfsb 50 cfsb 35 cfsI 100 cfsb 50 cfsb 35 cfs~

0 2.27 2.45 2.52 0.21 0./,0 0.&7
S "0.53 "0.35 "0.28 "1.19* "1.00" "0.93"

10 -0.93 -0.75 -0.08 -1.2~* -1.10" -1.03"
15 "0.83 "0.65 "0.58 "1.19* "1.00* "0.93"
20 "0.T~J "0.55 -0.48 "0.89 "0.70 "0.63
25 "0.83 "0.65 "0.58 "0.39 "0.20 "0.13
30 -0.7~ "0.55 "0.&8 0.01 0.20 0.27
35 -0.63 "0.45 "0.38 0.21 O.&O 0.47
40 "0.53 "0.35 "0.28 0.21 0.40
45 -0.33 -0.15 -0.08 -0.19 0.00 0.07
S0 -0.33 -0.15 -0.08 *0.39 -0.20 -0.13
55 -0.23 "0.05 0.02 -0.09 0.10 0.17
60 -0.13 0.05 0.12 -0.19 0.00 0.07
65 -0.63 -0.45 -0.38 -0.19 0.00 0.07
70 -0.53 -0.35 -0.28 -0.39 "0.20 -0.13
7’3 -0.93" -0.75" -0.68" -0.39 -0.20 -0.13

80 -0.75" -0.55" -0.48" -0.69 "0.50 -0.43
85 -0.53 -0.35 -0.28 -0.59 -0.40 -0.33
90 -0.63 -0.45 -0.38 -0.69 -O.SO -0.43
95 -0.43 -0.25 -0.18 -0.89 -0.70 -0.63

100 -0.83 -0.65 -0.58 -0.7~ -0.60 -0.53
105 -0.63 -0.45 -0.38 -0.7~ -0.60 -0.53
110 -0.53 -0.35 -0.28 -0.~ -0.~0 -0.53
115 -0.63 -0.45 -0.38 -1.0~ -0.~0 -0.83
120 -0.75 -0.55 -0.48 -0.7~ -0.60 -0.53
125 -0.63 -0.45 -0.3~ -0.59 -0.40 -0.33
130 -0.63 -0.45 -0.38 -0.79 -0.60 -0.53
135 -0.53 -0.35 -0.28 -0.89 -0.70 -0.03
140 -0.53 -0.35 -0.28 -0.89 -0.70 -0.63
145 -0.63 *0.45 -0.38 -0.49 -0.30 -0.23
150 -0.53 -0.35 -0.28 -0.29 -0.10 -0.03
155 -0.63 -O.&5 -0.3~ -0.2~ -0.10 -0.03
I~3 -0.83 -0.65 -0.58 -0.39 -0.20 -0.13
165 -0.73 -0.55 -0.48 -0.49 -0.30 -0.23
170 -O J3 -0.65 -0.58 -0.0~ 0.10 0.17
175 -0.63 -0.45 -0.38 0.31
180 -0.T~ -0.55 -0.48
185- -0.43 -0.25 -0.18
190 -0.13 0.05 0.12

Measured d~pth
Projected �~th based o~ PHASSIM modet results
CJ~-~e t thltue9

-196-

C--066967
(3-066967



Table VI-3.
IHeight of stream channel to water surface

elevation (ft) for the Simpson Lane
Critical Riffle thalweg at 84 cfs.

D|$tance        Channel thalwe~
downstream along profile below
thaLweg (ft) WSEL (ft) I

I0 -0.80
10 -0.70
20 -0.75
30 -0.80 I&O
50 -0.70
60 -0.75

80 -0.75
90 -0.75

100 -0.80
110 -0.70,20 .o..
130 -O.BO
l&O -0.80
1S0 -O.?S
160 -0.85

I170 -0.90
180 -1.10
190 -0.90
20O -0.75
210 -0.70

I220 -0.~0
230 -0.60
2~0 -0.6525o -0.60

I260 -0.70
270 -0.70
280 -0.80
290 -0.90

!

I

-197-

I

I
C--066968

(3-066968


